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ABSTRACT -Two new species of fossil Triviidae are described: Ellatrivia goudeyi sp. nov. from 
the Pleistocene of Flinders Island, Tasmania, and Trivellona felixlorenzi sp. nov. from the Fyansford 
Formation, Balcombian of Batesford Quarry, Victoria, Australia. The Pleistocene E. goudeyi sp. nov. fills 
the gap between the Miocene and Recent taxa of the genus and T felixlorenzi sp. nov. fills the gap 
between the small sized Miocene species (about 10 mm in length) and the large sized Balcombian 
taxa (larger than 20 mm in length). 
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INTRODUCTION 

In our recent revision of the fossil and Recent species 
of the triviid genus Ellatrivia Iredale, 1931 (Fehse 
and Grego 2010), we were not aware of the interesting 
population of Ellatrivia that is preserved in the fossil 
deposits on Flinders Island. Only recently Christopher 
Goudey made samples available from that location. 
The Early Pleistocene specimens from the Memana 
Formation of Tasmania close the gap between the large 
number of Miocene species and the Recent taxa. No 
species of the Plio-/Pleistocene has been described since 
then. Therefore, the Flinders Island taxon is described 
herein as Ellatrivia goudeyi sp. nov. 

The genus Trivellona Iredale, 1931 was revised by 
Fehse and Grego (2007) who recognised nine distinct 
fossil species from the Balcombian, middle Miocene 
of South Australia, including several small species 
such as T. crassicostata (Schilder, 1935), T. transiens 
(Schilder, 1935), T. subtilis (Schilder, 1935) and T. tatei 
(Schilder, 1935), some that reach a maximum of 10 mm 
and other large taxa such as T. avellanoides (McCoy, 
1861), T. daphnes (Schilder, 1966), T. darraghi Fehse 
and Grego, 2007, T. lochi Fehse and Grego, 2007 and T. 
kendrecki Fehse and Grego, 2007, with sizes between 
20 and 30 mm but also up to 50 mm length (Fehse and 
Grego 2007). We have recently examined specimens 
from western Victoria, Australia, that differ from other 
species of the genus. 

The purpose of this paper is to describe these two 
species ofTriviidae. 

The specimens examined for this study are lodged in 
the following collections: Australian Museum, Sydney, 
Australia (AM); Christopher Goudey collection, Avalon, 


Victoria, Australia (CGA); Dirk Fehse collection, Berlin, 
Germany (DFB); Felix Lorenz collection, Buseck, 
Germany (FL); National Museum of Victoria, Victoria 
(NMV); Tasmanian Museum and Art Gallery, Hobart, 
Tasmania (TM). 

Length refers to the greatest anterior/posterior 
measurement. Width refers to the greatest lateral 
(left-right) measurement with the shell at rest on the 
ventrum. Height refers to the maximum globosity from 
the ventrum through to the dorsal extremity. Columellar 
respectively labral denticles at the anterior and posterior 
end of the parietal respectively labral lip have been 
counted as full teeth. The count of the dorsal ribs follows 
the definition by Schilder (1933, p. 288, text fig. 6). 

SYSTEMATICS 
Family Triviidae Troschel, 1863 
Genus Ellatrivia Iredale, 1931 

TYPE SPECIES 

Triviella merces Iredale, 1924, by original designation. 

Ellatrivia goudeyi sp. nov. 

Figures 1A-N 

MATERIAL EXAMINED 
Holotype 

Australia: Tasmania: from a drain on the boundary 
of ‘Tilbia’ and Markana Park, about 1 km E. of 
Wingaroo Road, Memana, Flinders Island, no date 
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FIGURE 1 A-J, Ellatrivia goudeyi sp. nov. from a drain on the boundary of 'Tilbia' and Markana Park, about 1 km west 
of Wingaroo Road, Memana, Flinders Island, Tasmania: A-F TM Z 4713, holotype, x4.3; A left lateral, B 
dorsal, C right lateral, D ventral, E view of spire, F enlarged view of protoconch. G-J specimen coll. CGA, 
x4.3; G left lateral, H dorsal, I right lateral, J ventral. K-N Ellatrivia goudeyi sp. nov. from a large dam on 
Lot 77, 1.3 km NNW of junction of Wingaroo and Melrose Roads, Memana, Flinders Island, Tasmania: K-N 
specimen coll. DFB 10291, x4.3; K left lateral, L dorsal, M right lateral, N ventral. 
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TABLE 1 Dimensions of Ellatrivia goudeyi sp. nov. 


Specimens 
(Catalogue Numbers) 

Length 

(mm) 

Width 

(mm) 

Height 

(mm) 

Columellar 

ribs 

Labral 

teeth 

TM Z 4713 

11.9 

8.8 

6.9 

16 

19 

NMV P316719 

11.3 

9.1 

7.3 

16 

23 

NMV P316718 

11.5 

8.3 

6.8 

16 

21 

NMV P316717 

9.2 

7.2 

5.5 

16 

20 

CGA 

11.5 

9.0 

7.1 

17 

20 

DFB 10291 

10.3 

8.0 

6.2 

15 

20 


TABLE 2 Dimensions of Trivellona felixlorenzi 

sp. nov. 





Specimens 

Length 

Width 

Height 

Columellar 

Labral 

Dorsal 

(Catalogue Numbers) 

(mm) 

(mm) 

(mm) 

teeth 

teeth 

teeth 

AMS C.468216 

12.9 

10.6 

8.8 

15 

22 

20 

DFB 10292A 

14.5 

12.4 

10.3 

15 

22 

22 

DFB 10292B 

12.1 

9.9 

8.3 

12 

19 

18 

FL 

12.6 

9.8 

8.2 

15 

19 

20 

FL 

11.2 

9.0 

7.5 

14 

17 

20 

FL 

10.9 

9.0 

7.6 

14 

20 

22 

FL 

12.9 

10.2 

8.7 

13 

22 

22 

FL 

12.3 

9.9 

8.1 

13 

14 

20 


recorded, C. J. Goudey [Memana Formation, Pleistocene] 
(TM Z 4713). 

Paratypes 

Australia: Tasmania: 1 specimen, dam on addition 
to lot 37, Melmose Road, 1.7 km NE. of junction of 
Melrose and Wingaroo Roads, Memana, Flinders Island, 
5 February 1969, T.A. Darragh, D.M. Shanks and H.E. 
Wilkinson [Memana Formation, Pleistocene] (NMV 
P316719, PL1233); 2 specimens, dam on ‘Brunah’, Back 
Line Road, 2.3 km NE. of junction of Wingaroo and 
Back Line Roads, Memana, Flinders Island, 4 February 
1969, T.A. Darragh, D.M. Shanks and H.E. Wilkinson 
[Memana Formation, Pleistocene] (NMV P316717 and 
P316718, PL1207). 

Other material examined (not type specimens) 
Australia: Tasmania: 1 specimen, from the type 
locality (CGA); 1 specimen, 1.3 km NNW. of junction 
of Wingaroo and Melrose Roads, Memana, Flinders 


Island (DFB 10291). Both from the Memana Formation, 
Pleistocene. 

DIAGNOSIS 

Shell medium to large sized for genus, ovate. Spire 
barely elevated. Mid-dorsum smooth, without ribs. 
Ventrum convex. Labrum ventrally rounded. Outer 
labral margin ridged. Inner fossular margin slightly 
projected. 

The new species differs from all fossil and Recent 
taxa of the genus Ellatrivia by its smooth dorsum (see 
Fehse and Grego, 2010). Dolichupis zealandica (Kirk, 
1882) with its junior synonym Ellatrivia flora Marwick, 
1928 from the Pliocene deposits of New Zealand (Fehse 
and Grego, 2010) possesses a smooth dorsum, but 
the shell morphology of D. zealandica is completely 
different to that of E. goudeyi. The most striking 
features of D. zealandica besides the smooth dorsum are 
the distinct dorsal hump and the sharply edged margins. 
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FIGURE 2 A-D, Ellatrivia goudeyi sp. nov. from PL1233 Dam on addition to lot 37, Melmose Road, 1.7 km NE of 
junction of Melrose and Wingaroo Roads, Memana, Memana, Flinders Island, Tasmania: A-DTM Z 4713, 
paratype, x3.9; A left lateral, B dorsal, C right lateral, D ventral. E-L Ellatrivia goudeyi sp. nov. from PL1207 
Dam on 'Brunah', Back Line Road, 2.3 km NE of junction of Wingaroo and Back Line Roads, Memana, 
Flinders Island, Tasmania: E-H NMV P316718, paratype, x3.9; E left lateral, F dorsal, G right lateral, H 
ventral; l-L NMV P316717, shell slightly eroded, seemingly with preserved coloration, paratype, x3.9; I left 
lateral, J dorsal, K right lateral, L ventral. 


The new species lacks both features and is, therefore, 
easily distinguishable from D. zealandica. 

DESCRIPTION 

Shell medium to large sized, lightweight, ovate. Spire 
barely elevated, covered by callus and 2 to 4 terminal 
ribs. Body whorl somewhat elongated, ovate, rounded, 
approximately 90% of total shell height; anterior 
terminal slightly produced, tip blunt; posterior terminal 
somewhat obscured, tip slightly indented. Anal canal 
almost obscured. Dorsum evenly rounded, elevated, 
mid-dorsum completely smooth with no sulcus or 


depression. Margins and terminal collars numerously 
and finely ribbed to a various degree. Ventrum convex, 
with terminal collars straight. Aperture relatively 
narrow, straight, abapically strongly curved. Labrum 
narrow, straight and broadened at its mid-portion, 
curved anteriorly and posteriorly, posteriorly slightly 
projected, rounded on ventrum, bearing on its inner 
margin 19 to 23 fine denticles. Outer margin of the 
lip angularly callused with a sharp ridge on shoulder. 
Siphonal and anal canals following shell profile; 
bordered adapically and abapically by weak ventral side 
walls. Columella narrow, straight, curved posteriorly, 
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FIGURE 3 A-L, Trivellona felixlorenzi sp. nov. from Batesford Quarry, Australian Portland Cement Ltd., Batesford, 
Victoria, Australia: A-D AMS C.468216, holotype, x2.9; A left lateral, B dorsal, C right lateral, D ventral. 
E-H specimen coll. DFB 10292A, x2.9; E left lateral, F dorsal, G right lateral, H ventral. I-L specimen 
coll. FL, x2.9; I left lateral, J dorsal, K right lateral, L ventral. M-T Trivellona tatei (Schilder, 1935) from 
Clifton Bank, 'Clifton property', Yulecart via Hamilton, Victoria, Australia; Lower beds of Muddy Creek Marl, 
Balcombian, Miocene: M-T specimen coll. JGS, x2.9; M left lateral, N dorsal, 0 right lateral, P ventral. Q-T 
specimen coll. JGS, x2.9; Q left lateral, R dorsal, S right lateral, T ventral. 
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tapering steeply inwards, bordered internally by a weak 
carinal ridge. Parietal lip roundly edged, anteriorly 
ridged, bearing 15 to 17 coarse ribs, which continue onto 
the carinal ridge. Fossula concave, not clearly delimited 
from the rest of the columella. Inner fossular edge 
slightly protruding. 

ETYMOLOGY 

The name of the species honours Mr Christopher J. 
Goudey. 

Genus Trivellona Iredale, 1931 

TYPE SPECIES 

Trivellona excelsa Iredale, 1931, by original 
designation. 

Trivellona felixlorenzi sp. nov. 

Figures 2, A-L 

MATERIAL EXAMINED 
Holotype 

Australia: Victoria: Batesford Quarry, Australian 
Portland Cement Ltd., Batesford (AMS C.468216). 
Fyansford Formation, Balcombian, Middle Miocene. 

Other material (not type specimens) 

Australia: Victoria: 2 specimens, collected with 
holotype (DFB 10292A/B); 5 specimens, collected with 
holotype (FL). 

DIAGNOSIS 

Shell medium sized for genus, ovate. Spire slightly 
elevated. Ventrum strongly convex. Labrum ventrally, 
angularly rounded, anteriorly flattened. Outer labral 
margin ridged. Inner fossular margin not projected. 

This species differs from Trivellona daphnes (Schilder, 
1966), T. darraghi Fehse and Grego, 2007, T. lochi 
Fehse and Grego, 2007 and T. kendricki Fehse and 
Grego, 2007 by their generally larger shell (T. daphnes 
20-25 mm; T. darraghi 19-49 mm; T. lochi 25-32 mm; 
T. kendrecki 22-33 mm v. T. felixlorenzi 10-15 mm) 
and they lack a dorsal sulcus that is well developed in 
the new species. Only T. avellanoides has a similar 
developed dorsal sulcus but the new species is also 
distinguished by its smaller size ( T. avellanoides 16-24 
mm v. T. felixlorenzi 10-15 mm), the shape of the 
aperture, the stronger, different shaped labrum, more 
close-set ribs and the more elongated anterior terminal. 

Among the smaller Miocene species of Trivellona 
only T. tatei (Schilder, 1935) has a similar dorsal sulcus. 
Trivellona transiens (Schilder, 1935) possesses just 
smooth area on mid-dorsum, and T. subtilis (Schilder 
1935) has a depression. Trivellona tatei differs from the 
new species by its usually smaller size ( T. tatei 8-12 mm 
v. T. felixlorenzi 10-15 mm), the coarser, more irregular 
and distant ribs, the inner adaxial carinal ridge is lesser 
developed and semicircular, and the anterior terminal is 
shorter. 


DESCRIPTION 

Shell medium sized, lightweight, somewhat fragile, 
ovate. Spire slightly elevated, covered by 3 to 4 
terminal ribs. Body whorl somewhat pyriform, globose, 
rounded, approximately 85% of total shell height; 
anterior terminal produced, tip blunt; posterior terminal 
slightly so. Anal canal and posterior terminal tip almost 
obscured. Dorsum evenly rounded, elevated, completely 
covered by 18 to 22 fine ribs with a mid-dorsal, more or 
less sharp demarcated sulcus that bisects or depresses 
the ribs. Ventrum strongly convex, with terminal collars 
straight. Aperture relatively narrow, slightly curved. 
Labrum narrow, curved, posteriorly barely projecting, 
roundly keeled on ventrum, anteriorly flattened, 
bearing on its inner margin (14) 17 to 22 fine denticles. 
Outer margin of the lip slightly, angularly callused 
with a sharp ridge on shoulder. Siphonal and anal 
canals following shell profile; bordered adapically and 
abapically by weak ventral side walls. Columella fairly 
narrow, straight, tapering steeply inwards, bordered 
internally by a strong, slightly sinuous carinal ridge. 
Parietal lip somewhat callused, angularly rounded, 
anteriorly ridged, bearing 12 to 15 ribs, which continue 
onto the carinal ridge, where they are T-shaped. Fossula 
shallow, not clearly delimited from the rest of the 
columella. Inner fossular edge not protruding. 

ETYMOLOGY 

The name of the species honours Dr Felix Lorenz who 
supplied the type material. 
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ABSTRACT - On 18 August 1988, the third reported Megamouth Shark (Megachasma pelagios Taylor, 
Compagno and Struhsaker, 1983) became stranded on a beach in Western Australia. The 5.15 mTL 
male shark (WAM R29940-001) was preserved at the Western Australian Museum (WAM) and put 
on public display. Many deep water chondrichthyan species, including M. pelagios, possess soft and 
flabby muscle tissue and a poorly calcified skeleton. Such species are prone to distortion through 
dehydration due to the fixation and preservation process. Such distortions may result in taxonomic and 
nomenclatural issues. The WAM Megamouth Shark was recently relocated, providing an opportunity 
to remeasure the specimen to allow a comparison with measurements taken of the specimen when it 
was fresh, and to assess the extent of change to these measurements after 22 years of preservation. 
We found that with the exception of the pelvic-fin, that we hypothesise is the fleshiest part of M. 
pelagios with the least skeletal support, the specimen has suffered little to no distortion over this time. 
However, there has been some degradation of teeth and denticles that is most likely due to the acidity 
of the formalin solution. 


KEYWORDS: megamouth, long-term preservation, dimensional changes, ethanol preservation, 
formaldehyde fixed. 


INTRODUCTION 

The Megamouth Shark, Megachasma pelagios 
Taylor, Compagno and Struhsaker, 1983, is a highly 
distinctive species with a patchy circumtropical and 
warm temperate distribution. Records and sightings of 
this enigmatic shark were few in the first three decades 
after the species was first discovered in 1976, and it was 
known from only 14 specimens at the turn of the century 
(Compagno 2001; Burgess 2010). However, since 2001 
an additional 36 specimens have been recorded, with 
the 50th specimen reported in June 2010 (Burgess 
2010). Many recent specimens have been retained and 
are reported as being prepared for public display and/or 
deposition in an ichthyological collection. 

On 18 August 1988, the third recorded Megamouth 
Shark specimen was found stranded on a beach 50 km 
south of Perth, Western Australia (Berra and Hutchins 
1990, 1991; Hutchins 1992; Last and Stevens 1994, 
2009; MacLeod 2008). The 5.15 m TL male shark 


(WAM P.29940-001) was transported to Perth, then 
frozen and put on brief display before being preserved. 
Over six years later on 25 January 1995 it was placed 
on permanent public display at the Perth site of the 
Western Australian Museum (WAM), in a below-ground 
polyester resin glass-topped case, with the upper glass 
surface of the case level with the ground (Figure 1). 
Recent renovations at the Perth site necessitated the 
relocation of the Megamouth Shark specimen. The 
shark was removed from the below-ground case and 
relocated to the Western Australian Maritime Museum 
in Fremantle, approximately 20 km away. There it 
was placed in a custom made stainless steel tank with 
viewing portholes, for continued public display. 

The Megamouth Shark possesses soft and flabby 
muscle tissue and its skeleton is poorly calcified 
(Compagno 1988, 1990; Smale et al. 2002; Taylor et 
al. 1983; BAH personal observation of dissection of 
Megamouth #17), and similar observations were noted 
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FIGURE 1 Photo of Megamouth #3 (WAM R29940-001) on public display between 25 January 1995 to 22 September 
2010, in ethanol solution in the glass-topped tank at Western Australian Museum (Perth). Image: Western 
Australian Museum. 


by Berra and Hutchins (1991) during preservation of 
Megamouth #3. It is a well known phenomenon that 
such chondrichthyan species are prone to distortion 
as an artefact of fixation and preservation (Jones and 
Geen 1977; and see below). The distortion observed 
in some taxa has led to nomenclatural and taxonomic 
issues, resulting in junior synonyms arising for an 
already available and valid species name. An example 
illustrating this issue is Hexatrygon bickelli Heemstra 
and Smith, 1980, a distinctive six-gilled stingray 
originally described from South Africa. The species 
uses its long, flexible snout to probe sediments for 
prey (Hennemann 2001; Last and Stevens 2009; L.J.V. 
Compagno personal communication). The snout lacks a 
rostral cartilage and is filled with an acellular gelatinous 
matrix (Heemstra and Smith 1980). Further Hexatrygon 
specimens were collected from the South China Sea 
(Zhu et al. 1981, 1982), Taiwan (Shen and Lui 1984; 
Shen, 1986a, b), Japan (Ishihara and Kishida 1984), 
Indonesia (Stehmann and Shcherbachev 1995), and 
Australia (Last and Stevens 1994, 2009). The highly 
variable shape of the snout is to some extent a result of 
ontogeny and individual variation, but desiccation of 
the gelatinous matrix through fixation and preservation 
has a distorting effect that led to four new species being 
described, all on the basis of snout morphology (Ishihara 


and Kishida 1984; Stehmann and Shcherbachev 1995) and 
all of which are currently recognised as junior synonyms 
of H. bickelli (Compagno et al. 2005; Eschmeyer 2010; 
P.C. Heemstra personal communication). 

Although taxonomic issues of the kind illustrated 
above are unlikely to apply to such a distinctive species 
as the Megamouth Shark, the effects of fixation and 
preservation on the WAM specimen are a potential issue 
that warrant further investigation. The preservation and 
fixation of specimens of Megachasma pelagios, besides 
the WAM specimen, have only been documented with 
any detail for a limited number of specimens (Taylor 
et al. 1983; Takada et al. 1997), and to the best of our 
knowledge, there have been no reports on potential 
morphological distortions resulting from fixation and 
preservation of M. pelagios. At the time of this study, 
the WAM Megamouth Shark specimen had been fixed 
in formalin for nearly 614 years and subsequently in 
alcohol preservative for 15% years, giving a total time 
of 22% years since first fixation. Berra and Hutchins 
(1990) provided a comprehensive list of morphometric 
measurements for this specimen prior to fixation. The 
purpose of this study is to compare those measurements 
with new ones taken by the authors during the relocation 
of the Megamouth Shark and to determine the effects, if 
any, of more than 20 years of preservation. 





















































MEGAMOUTH DIMENSIONS AFTER 22 YEARS FIXATION 

MATERIALS AND METHODS 

PRESERVATION AND PUBLIC DISPLAY 

Detailed accounts of the fixation and preservation of 
the specimen are provided by Berra and Hutchins (1990, 
1991), Hutchins (1992) and MacLeod (2008), and are 
summarised here. Details of the history of preservation 
and public display since 1992, including the recent move, 
are also provided to give a complete history of treatment 
and movement of the specimen. The shark was snap 
frozen on the afternoon of its discovery on 18 August 
1988. According to bystanders it had died on the beach 
that morning. On 21 August 1988, three days after its 
discovery, the frozen shark was briefly put on public 
display for three hours under shade and then returned to 
the freezer. On 15 September 1988, a month after first 
capture, a pit lined with plastic swimming pool liner 
was filled with water and the specimen was placed in it, 
after being weighed at a public weighing station while 
frozen (690±20 kg; Berra & Hutchins 1990), and allowed 
to thaw over a weekend. About half of the water was 
removed from the pit, and Berra and Hutchins took the 
morphometric measurements (as per Compagno 1984; 
Table 1). 

The body musculature was injected on 19 September 
1988 with 20 1 of approximately 30% formalin using 
130 mm x 2 mm needles attached to 20 ml syringes. 


9 

Forty litres of approximately 50% formalin was pumped 
into the body and body cavity using a 1300 mm x 10 
mm needle. The pit was drained and clean fresh water 
was added to cover the specimen by approximately 
30 cm. The water volume in the pit was estimated and 
full strength formalin (40% formaldehyde in solution) 
was added. The formalin strength was tested on 21 
October 1988 at 8.25% formalin. On 13 January 1989, 
the formalin concentration had dropped to 4.25% and 
additional full strength formalin was added to produce 
a final concentration of 11.75% formalin (Berra and 
Hutchins 1990). Owing to concerns regarding residual 
amounts of formaldehyde in large sharks leaching 
into ethanol-based storage solutions, Megamouth #3 
was washed in fresh water. Experiments with a small 
shark (Hemigaleus australiensis White, Last and 
Compagno 2005, WAM P.26190-002) had established 
that the release of formaldehyde was linearly related 
to the logarithm of the washing time (MacLeod 2008). 
Megamouth #3 was immersed in tap water for 41 
days from 30 November 1994 to 3 January 1995, and 
removed from the temporary preservation pit on 25 
January 1995, at which time the formalin concentration 
was measured at 0.032% (MacLeod 2008). The liver and 
intestines were also removed at this time, to minimise 
the amount of liver oil leaking from the specimen and 
detracting from the display (MacLeod 2008). The shark 
was then placed into a custom built glass-topped fibre 



FIGURE 2 Lifting Megamouth #3 from the truck in the custom stretcher outside the Western Australian Maritime 
Museum, Fremantle, Western Australia (22 September 2010). Image: B.A. Human. 












TABLE 1 Morphometric and proportional measurements of Megamouth #3 (Megachasma pelagios WAM R29940.001) taken when fresh (original) and after 22 years of 
preservation (current study), and percentage difference between the two studies. Proportional measurements of the holotype (BPBM 22730) are provided for 
comparison. a from Berra and Hutchins (1990), b % current study-% original study, c from Taylor, Compagno and Struhsaker (1983), d - compared with original TL 
measurement. 


10 


BRETT A. HUMAN, SUSAN M. MORRISON AND IAN D. MACLEOD 


E — 

_ 03 




O 


Pelvic-fin-caudal-fin space 715 610 13.9 12.0 -1.9 
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MEGAMOUTH DIMENSIONS AFTER 22 YEARS FIXATION 
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Pectoral-fin posterior margin 650 12.8 13.8 



Actual measurement (mm) Proportional measurement (%TL) 
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Second dorsal-fin posterior margin length 155 150 3.0 2.9 -0.1 



Actual measurement (mm) Proportional measurement (%TL) 
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Pelvic-fin midpoint-second dorsal-fin origin 
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FIGURE 3 Megamouth #3 about to be lifted off the stretcher and placed into the custom made stainless steel tank 
(22 September 2010). Image: B.A. Human. 


reinforced polyester tank (Figure 1), which was filled 
with carbon (to remove coloured components) and a 
cotton wool pre-filter (to remove oil droplets). However, 
the pump system became inoperable after four years 
(MacLeod 2008). The specimen was on display in an 
undercover, open sided gazebo from 25 January 1995 
until the recent move. 

On 22 September 2010, the glass top of the tank 
was cut open in order to remove Megamouth #3 for 
relocation. The tank was drained and the shark was 
placed on a purpose built metal-framed stretcher with 
canvas slings. A crane was used to extract Megamouth 
#3 from the tank and place it on a flat-bed truck, and the 


specimen was covered in water soaked coarse woven 
hessian for the relocation. The journey from the Perth 
site to the Fremantle site took approximately 1 hour. 
Megamouth #3 was removed from the truck and brought 
inside for inspection, measurements, and placement into 
the new tank that had been partially filled with a 30% 
glycerol solution (Figure 2). It was while the tank was 
being filled and the shark was on the stretcher that the 
majority of morphometric measurements used in this 
study were collected (Figure 3). A few measurements 
could not be collected (mostly of the head) because 
of the way the specimen was lying on the stretcher. A 
number of other measurements/samples were taken 
at this time by other researchers, including skin 
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FIGURE 4 Overhead view (with lids removed) of the newly constructed stainless steel tank for public viewing of 
Megamouth #3 at the WA Maritime Museum. This photo was taken shortly after the specimen had been 
lowered into the glycerol solution (22 September 2010). Image: B.A. Human. 



FIGURE 5 View of the head of Megamouth #3 through one of the portholes (details as for figure 4). Image: B.A. Human. 
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chromametric readings, denticle and tooth samples, and 
lateral line and electrosensory pore mapping (Kempster 
2011; MacLeod unpublished data). The data collection 
and documentation took approximately one hour. 

Megamouth #3 was then placed into a custom built 
304 stainless steel (high grade) tank 560 cm L x 188 
cm H x 183 cm W (maximum width in the middle of 
the tank) with 50 cm diameter portholes and a filtration 
pump, containing a 30% by volume glycerol solution, 
for above ground viewing, and which also provided 
good access for research purposes (Figures 4-5). A 
number of slings were used to position Megamouth 
#3 in the tank to prevent it floating due to the density 
difference between the ethanol in its tissues and the 
glycerol solution, and as a result of a large amount of air 
entering the body and oral cavities. On 30 September 
2010, the specimen had settled into the glycerol solution 
and personnel entered the tank to adjust the slings. At 
this time the remaining morphometric measurements 
that could not be taken previously were recorded, 
and a number of body morphometries remeasured to 
ensure accuracy because the shark had not been lying 
completely flat on the stretcher. 

The use of a glycerol solution as a preservative is not 
a standard curatorial procedure, but was chosen due to 
occupational health and safety restrictions regarding 
ethanol and formalin solutions, and favourable results 
obtained during trials with glycerol as a preservative 
on chondrichthyan specimens (MacLeod and van Dam 
2011). On 20 December 2010, approximately 2000 1 of 
glycerol solution was removed from the Megamouth 
#3 display tank and 100% glycerol was added to 
the remaining solution to increase the concentration 
of glycerol to 45%, in accordance with a plan to 
incrementally increase the glycerol concentration to 65% 
by volume by December 2012. This not only increased 
the glycerol concentration, but also reduced the levels 
of ethanol and formalin that had been leaching from the 
specimen (MacLeod 2008; MacLeod and van Dam 2011). 

In October 2010, shortly after the shark was placed 
in the tank, yeast and mould contamination developed 
in the glycerol solution, and a filamentous slime and 
black spots of mould appeared, resulting in the glycerol 
solution becoming opaque and the clarity of the display 
being severely compromised. The infection probably 
occurred during the placement of the hessian over 
the specimen to avoid dehydration during the journey 
from Perth to Fremantle. Approximately two weeks 
after the infection was noticed, a bactericide, kathon 
(methylisothiazolinone), was added to the glycerol 
solution. The filtration pump was initially run only after- 
hours to reduce noise pollution in the public gallery, 
and is now operating at night with the 10 micron filter 
providing clear storage solutions and as of December 
2011 the infection has not returned. The suspended dead 
contaminants were removed from the solution through 
successive use of 100 pm, 50 pm and 10 pm filters. 
A further benefit of running the pump at night is that 
periodic circulation of the glycerol solutions assists in 
the even penetration of the consolidant. 


TEETH AND DENTICLES 

Scanning electron micrographs of the teeth and 
denticles were taken using a back-scattered secondary 
electron image mode in a Phillips XL40 Controlled 
Pressure cell. The samples were cut with a scalpel and 
placed directly into the SEM chamber and pumped 
down with no coating applied to the tissues. 

M0RPH0METRICS 

The morphometries were taken according to 
Compagno (1984, 2001) and Human (2006). Berra 
and Hutchins (1990) acknowledged the help of A.J. 
Bass during the measuring process, who is well 
acquainted with measuring sharks (Bass 1973; Bass 
et al. 1973, 1975a, b, c, d, 1976). Likewise, the senior 
author has extensive experience taking morphometric 
measurements of sharks, including previous experience 
measuring Megachasma pelagios (Human 2006, 2007a, 
b; Smale et al. 2002). Morphometric measurements 
from Berra and Hutchins (1990) and from the current 
study are given in Table 1, as well as percentage (of 
total length) differences between the two studies. The 
majority of measurements were taken using a standard 
tape measure, and the smallest dimensions measured 
with digital calipers. The crane hoist was used to 
measure the weight of the shark. 

RESULTS 

TEETH AND DENTICLES 

Scanning electron micrographs show the degradation 
of a patch of denticles (Figure 6) that is most probably 
due to prolonged exposure to the acidic formalin 
solution. Figure 7 shows the upper section of a tooth 
taken from Megamouth #3. Modern elasmobranchs 
(subcohort Neoselachii) possess a triple-layered 
enameloid tooth morphology, with a thin outermost 
shiny layered enameloid, a thick middle layer of parallel 
bundled enameloid, and an innermost layer of tangled 
bundled enameloid which surrounds a dentine core 
(Reif 1977, 1980; Compagno 1988, 2001; Rees and Cuny 
2007). It is hypothesised that the acidic nature of the 
formalin solution has etched away the shiny layered 
enameloid, leaving the parallel bundled enameloid 
exposed, observed as parallel striations in Figure 7 (M. 
Siversson, personal communication). 

M0RPH0METRICS 

It was not possible to weigh the specimen accurately 
in this study. The crane used to relocate the specimen 
measured the weight of the shark at 600 kg, however 
the accuracy of the crane was +100 kg (BAH with crane 
operator, personal communication). 

Most of the measurements (actual and proportional) 
corresponded well to those of Berra and Hutchins 
(1990), indicating that despite 22 years of preservation, 
little distortion has occurred in the specimen. The 
difference in measurements between the two studies 
were within 1% of each other for the majority of the 
morphometries (Table 1). The measurements total 


18 


BRETT A. HUMAN, SUSAN M. MORRISON AND IAN D. MACLEOD 



FIGURE 6 Scanning electron micrograph of a patch of 
denticles taken from Megamouth #3 during 
the recent relocation, showing the damage 
likely to have been caused by prolonged 
exposure to formalin solution. Image: M. 
Verral. 

length, vent-caudal-fin length, pelvic-fin-caudal-fin 
space, and dorsal caudal-fin margin showed a slightly 
greater than 1% difference between the two studies, but 
these are relatively long measurements and we regard 
this as acceptable when considering the likelihood of 
inconsistency in measuring a specimen as large as this. 
For instance, if a specimen of this size is lying with a 
slight curvature, then that will translate into a significant 
margin of error in any long body measurements. 

The smaller measures of anal-fin-caudal-fin space, 
preorbital length, prenarial length, mouth length, 
mouth width, pectoral-fin base, first dorsal-fin anterior 
margin, pelvic-fin base, pelvic-fin height, pelvic-fin 
inner margin, and pelvic-fin midpoint-second dorsal- 
fin origin were more variable between the two studies. 
Again, the differences may reflect discrepancies in the 
method of measurement rather than distortional effects, 
despite authors in both studies being highly experienced 
in taking morphometric measurements of sharks. 
An exception may be the pelvic fin, which had many 
different morphometric measurements between the 
studies which may indicate physical distortion. 

A number of morphometries were collected in this 
study that were not recorded by Berra and Hutchins 
(1990) and are compared to the proportions recorded for 
the holotype (Taylor et al. 1983), which is included here 
as a reference point for these additional measurements. 
All of the morphometric proportions recorded for this 
study corresponded very closely to the proportional 
measurements of the holotype and most differed much 
less than 5% between this specimen and the holotype. 
The notable exception is mouth length, which was 
measured when Megamouth #3 was already immersed in 
glycerol and thus difficult to measure, therefore probably 
reflecting error on our part. Mouth width is also much 
wider in the holotype compared with the measurements 
taken both in this study and by Berra and Hutchins 
(1990), possibly reflecting individual variation in this 



FIGURE 7 Scanning electron micrograph of the upper 
section of a tooth taken from Megamouth 
#3 during the recent relocation, showing 
the damage likely to have been caused by 
prolonged exposure to formalin solution. 
Image: M. Verral. 

proportion. There were discrepancies of greater than 
5% for the measurements of pectoral-fin base length and 
anal-fin-caudal-fin space between the current study and 
Berra and Hutchins (1990), and these most likely reflect 
differences in measurement technique and/or error due 
to the positioning of the shark. 

DISCUSSION 

Megamouth #3 has suffered little distortion despite 
being in formalin for over six years and in ethanol for 
nearly 16 years. In sharks that have been otherwise 
carefully preserved, as is the case here, one could 
argue that fins are probably the features that are most 
vulnerable to distortion and this could be so for the 
pelvic-fin in this study. That the other fins show no 
apparent signs of distortion may reflect the fact that 
they are relatively well supported by skeletal elements. 
Being a lamnoid shark, Megachasma pelagios possesses 
plesodic pectoral fins, in which the distal fin radials 
extend to the margins of the fin web (Compagno 1988, 
1990; Taylor et al. 1983; BAH personal observation of 
dissection of Megamouth #17). With the exception of 
the pectoral fin, all other fins of Megamouth Sharks are 
relatively small, and therefore are well supported by 
skeletal elements and are not fleshy. The pelvic fin has 
the least skeletal support in Megamouth Shark (BAH 
persernal observation of dissection of Megamouth 
#17), which is the most probable explanation for the 
pelvic fin showing some distortion whereas the other 
fins do not. White et al. (2004) similarly argued that 
fin dimensions for the Megamouth Shark should be 
relatively invariable. 

One apparent consequence of the long-term storage 
in the formaldehyde solution is that the denticles show 
signs of significant chemical attack (Figure 6) and the 
teeth had become etched (Figure 7), which is consistent 
with long-term storage in acidic solutions (M. Siversson 
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personal communication). Whilst the prolonged fixation 
time has apparently resulted in little damage to the body 
of the shark, it seems that the acidic solution has affected 
the teeth and the denticles. 

Another consequence, most likely due to the previous 
display method, is that the colouration of the skin 
has notably faded (MacLeod 2008; MacLeod and 
van Dam 2011). In the original display, sunlight fell 
directly onto the left side of the body of the shark, until 
side panels were erected at either end of the display 
gazebo (MacLeod 2008), resulting in the skin colour 
becoming very pale (Figures 3-5). Glycerol trials on 
ethanol preserved shark specimens by MacLeod and 
van Dam (2011) showed that the skin of those specimens 
appeared darker following treatment. The fading in those 
specimens, however, resulted from ethanol preservation 
rather than the effects of bleaching by the sun. It is likely 
that the colour changes brought about through treatment 
with aqueous glycerol are due to colour saturation of the 
surface i.e. the glycerol solutions fully wet the shark skin 
and allow its natural colour to be viewed. This appears to 
be the underlying reason why the ‘colour’ of Megamouth 
#3 has been returned. Halfway through the glycerol 
impregnation treatment, the colour saturation of the skin 
brought about by the removal from ethanol appears to 
have brought back some of the darker colour that had 
been bleached out. Final colour measurements, with a 
chromameter, will be done at the end of the treatment 
program and the effectiveness of the preservative on 
restoring colour will then be assessed. 

The use of glycerol as a preservative for fishes is a new 
approach that will reduce occupational health and safety 
risks and hazards. A more detailed examination of the 
use of glycerol on formalin preserved shark specimens 
is provided by MacLeod and van Dam (2011), and 
continued observation of the WAM Megamouth Shark 
will determine the long term suitability of glycerol as a 
preservation fluid. Some human tissues at the University 
of Leiden Medical Museum have been preserved in 
glycerol solution for more than 100 years and so the 
method can be regarded as being suitable for museum 
specimens. 

Despite Megachasma pelagios being a relatively 
flabby-bodied shark, the current specimen shows very 
little distortion from fixation and preservation. Although 
the skeleton is poorly calcified (Compagno 1990; Taylor 
et al. 1983; BAH personal observation of dissection of 
Megamouth #17), it is apparently effective in preventing 
distortion of preserved specimens, as is demonstrated by 
the majority of morphometric measurements remaining 
unchanged in Megamouth #3. The only parts of the shark 
seemingly fleshy enough to allow morphometric distortion 
from fixatives and preservatives were the pelvic fins. 
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ABSTRACT -The coast of the Western Australian Kimberley boasts an archipelago that comprises 
several hundred large islands and thousands much smaller. While the non-marine gastropod fauna 
of the Kimberley mainland has been surveyed to some extent, the fauna of these islands had never 
been comprehensively surveyed and only anecdotal and unsystematic data on species occurrences 
have been available. During the Western Australian Department of Environment and Conservation's 
Kimberley Island Survey, 2008-2010, 22 of the largest islands were surveyed. Altogether, 17 species 
of terrestrial non-camaenid snails were found on these islands. This corresponds to about 75% of all 
terrestrial, non-camaenid gastropods known from the entire Kimberley region. In addition, four species 
of pulmonate freshwater snails were found to occur on one or more of four of these islands. Individual 
islands harbour up to 15, with an average of eight, species each. Species diversity was found to be 
higher in the wetter parts of the region. 


KEYWORDS: Bonaparte Archipelago; Buccaneer Archipelago; Pulmonata; Cycloneritimorpha; 
Littorinimorpha; diversity. 


INTRODUCTION 

The north-western section of the Kimberley Region 
is a hotspot of diversity and endemism for many groups 
of organisms. While the flora and fauna of the mainland 
had been comprehensively surveyed in the late 1980s 
(e.g. McKenzie, Johnston and Kendrick 1991), the biota 
of the vast archipelago of off-shore islands has attracted 
relatively little attention. With the mainland biota 
facing various threats that relate to the impact of human 
activities such as the pastoral and mining industries, 
the introduction of alien species and anthropogenic 
fires, the islands along the Kimberley coast came to 
the forefront of conservationists’ attention as they have 
remained relatively sheltered from the above mentioned 
disturbances on the mainland. Therefore, an important 
objective of the Kimberley Island Survey was to improve 
our knowledge of the islands’ fauna and flora in order to 
understand whether the islands could function as refuges 
for a representative fraction of the mainland biota. 

The non-marine gastropod fauna in the Kimberley 


was studied to some extent during the later decades 
of the 20th century (e.g., Merrifield et al. 1977; Solem 
1991a). Because snails represent an important element 
of the terrestrial invertebrate biota, they are considered 
excellent indicators for addressing the representativeness 
of the islands’ invertebrate fauna with respect to the 
mainland. Regarding the general patterns of diversity 
and distribution, the non-marine gastropods of the 
Kimberley can be roughly divided into three cohorts. 
Foremost and comprising the largest grouping are 
members of the family Camaenidae, which arguably 
represent the most conspicuous element of the non¬ 
marine snail fauna and are usually characterised by 
their short distributional ranges (Solem 1991a). In terms 
of absolute species numbers, camaenids represent 
the largest portion of the land snail diversity in the 
Kimberley. About 190 species are presently known 
from north-western Australia (Solem 1988), belonging 
to 14 genera of which most are endemic to the region. 
Representing such a significant proportion of overall 
land snail diversity, the Camaenidae of the Kimberley 
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islands have been treated separately (Kohler 2010a, 
2010b, 2011a, 2011b). In contrast, other pulmonate and 
non-pulmonate land snails, which represent the second 
largest grouping, are predominantly represented by 
minute species with much larger ranges. Among these 
groups, only a few species are endemic to the Kimberley 
while most species have distributional ranges that extend 
beyond the borders of the region. Freshwater snails 
represent the third grouping of non-marine gastropods. 
Due to the relative scarcity of permanent freshwater 
bodies, the freshwater snail fauna of the Kimberley is 
depauperate in comparison to the diversity of terrestrial 
snails. The few known species usually have wider 
ranges through north-western Australia and, in part, 
further beyond. 

Based on extended survey work on 22 of the larger 
islands along the Kimberley coast (Gibson and 
McKenzie, 2012), we document the non-camaenid, non¬ 
marine gastropod fauna to facilitate an assessment of 
the biodiversity patterns on these islands, using snails as 
indicators for overall invertebrate diversity. 

MATERIAL AND METHODS 

STUDY AREA 

The islands off the north Kimberley coast extend for 
a distance of approximately 800 km from King Sound, 
near Derby, in the southwest to Cambridge Gulf in 
the northeast, forming a number of island groups and 
archipelagos, including the Buccaneer and Bonaparte 
Archipelagos. Detailed descriptions of the survey 
area, including its climate, geology and vegetation are 
provided by Gibson and McKenzie (2012). 

SITE SELECTION AND SAMPLING STRATEGY 

Twenty-four of the largest islands (i.e. those with 
surface areas >100 ha) were selected as survey sites 
for their representativeness in terms of their geology, 
climatic conditions and vegetation types (Gibson and 
McKenzie in preparation; see below for the list of 
sampling sites). One or two collection sites were selected 
on each of these islands based on maps, satellite imagery 
and previous experience, with the aim of accessing as 
many habitat types as possible within walking distance 
of the base camp. Survey sites were each visited once 
in the wet (for one day) and dry seasons (for six days). 
During the dry season, aestivating snails were collected 
in all habitat types around the base camp by raking, 
digging, lifting rocks and examining tree crevices as 
well as by collecting leaf litter for subsequent sorting in 
the laboratory. Emphasis was put on densely vegetated 
areas such as rainforest patches and vine thickets, where 
snails are known to be especially abundant. In the wet 
seasons, snails were collected on surfaces when active 
at night or during rain. Further details of the survey 
strategy are comprehensively described by Gibson and 
McKenzie (2012). In addition to the 22 main survey sites 
on larger islands, smaller satellite islands were visited 
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for a few hours, usually during wet season trips. At 
these localities snails were collected opportunistically at 
night or during rain. 

COLLECTION SITES 

Snails were collected within walking distances 
(usually <1,000 m) around base camps at the following 
localities listed in alphabetical order. For a map of the 
study area see Figure 1. 

Main survey sites in alphabetical order 
(comprehensive sampling in dry and wet seasons): 

Adolphus Island (15.068°-15.110°S, 128.138°- 
128.166°E) 

Augustus Island, north-western section (15.333°- 
15.365°S, 124.517°-124.530°E) 

Augustus Island, southern section (15.382°-15.401°S, 
124.590°-124.642°E) 

Bigge Island, western section (14.576°-14.599°S, 
125.098°-125.109°E) 

Bigge Island, eastern section (14.586°-14.593°S, 
125.181°-125.190°E) 

Boongaree Island, central section (15.058°-15.077°S, 
125.175°-125.189°E) 

Byam Martin Island (15.386°S, 124.362°E) 
Coronation Island, northern section (14.964°- 
14.980°S, 124.895°-124.925°E) 

Coronation Island, southern section (15.024°- 
15.036°S, 124.941°-124.956°E) 

D’Arcy Island, northern section (15.253°-15.263°S, 
124.433°-124.446°E) 

Hidden Island (16.214°-16.225°S, 123.448°- 
123.459°E) 

Katers Island, western section (14.442°-14.459°S, 
125.514°-125.523°E) 

Kingfisher Island (16.079°-16.107°S, 124.068°- 
124.100°E) 

Lachlan Island (16.617°-16.623°S, 123.468°- 
123.489°E) 

Long Island, King Sound (16.557°-16.562°S, 
123.355°-123.364°E) 

Middle Osborn Island, eastern section (14.311°- 
14.317°S, 126.021°-126.035°E) 

Middle Osborn Island, western section (14.303°- 
14.308°S, 125.989°-126.993°E) 

Nord-west Molema Island (16.238°-16.255°S, 
123.491°-123.830°E) 

Storr Island (15.944°-15.963°S, 124.555°-124.563°E) 
Sir Graham Moore Island, eastern section (13.892°- 
13.904°S, 126.584°-126.613°E) 

Sir Graham Moore Island, western section (13.868°- 
13.882°S, 126.511°-126.533°E) 

Southwest Osborn Island, eastern section (14.380°S, 
125.934°E) 

Southwest Osborn Island, western section (14.364°- 
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FIGURE 1 Location of collection sites: 1, Adolphus Island; 2, Graham Moore Island (E, W); 3, Mary Island; 4, Wargul 
Wargul Island; 5, Bougainville Peninsula; 6, Low Island; 7, Middle Osborn Island (E, W); 8, Southwest 
Osborn Island (E, W); 9, Katers Island; 10, Bigge Island (E, W); 11, Gale Island; 12, Coronation Island (N, S); 
14, Boongaree Island; 15, Mictyis Island; 16, Uwins Island; 17, St Patrick Island; 18, St Andrews Island; 19, 
peninsula SE of St Patrick Island; 20, Augustus Island (N, S); 21, DArcy Island; 22, unnamed island, Vulcan 
group; 23, Byam Martin Island; 24, unnamed island in Doubtful Bay; 25, Storr Island; 26, Sale River; 27, 
Wulalam Island; 28, Kingfisher Island; 29, unnamed island in Talbot Bay; 30, unnamed island, Baylis Island 
Group; 31, Molema Island, 32, Hidden Island; 33, Sunday Island; 34, Long Island; 35, Lachlan Island; 36, 
peninsula in Cascade Bay. 


14.379°S, 125.931°-125.945°E) 

St Andrew Island (15.356°-15.360°S, 124.995°- 
125.002°E) 

Sunday Island (16.391°-16.432°S, 123.175°-123.213°E) 
unnamed island, Doubtful Bay (15.904°-15.919°S, 
124.458°-124.467°E) 

Uwins Island (15.253°-15.295°S, 124.785°-124.803°E) 
Wulalam Island (16.366°-16.374°S, 124.229°- 
124.235°E). 

Additional survey sites in alphabetical order - 
opportunistic sampling during short visits: 

Bougainville Peninsula (13.933°S, 126.148°E) 

D’Arcy Island, central section (15.281°-15.292°S, 
124.398°-124.414°E) 

Gale Island (14.942°S, 124.924°E) 

Low Island (14.164°S, 126.290°E) 

Malby Island (14.950°S, 124.891°E) 

Mary Island (13.991°-13.984°S, 126.379°-126.400°E) 


Mictyis Island (15.220°S, 124.790°E) 
peninsula 8 km SE of St. Patrick Island, Saint George 
Basin (15.434°S, 125.0064°E) 
peninsula 7.3 km SW of Porter Hill, Cascade Bay 
(16.547°S, 123.493°E) 

Sale River, mainland near Doubtful Bay (16.028°- 
16.988°S, 124.643°-124.766°E) 

St Patrick Island (15.356°S, 124.965°E) 
unnamed island, Baylis Island Group (16.216°S, 
123.492°E) 

unnamed island, Talbot Bay (16.271°S, 123.826°E) 
unnamed island, Vulcan Islands Group (15.257°S, 
124.406°E) 

Wargul Wargul Island (13.932°-13.942°S, 126.173°- 
126.181°E). 

All specimens are lodged in the Western Australian 
Museum, Perth (WAM). 
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SPECIES DISTRIBUTIONS 

Class Gastropoda 

Clade Cycloneritimorpha 

Family Helicinidae Ferussac, 1822 

Pleuropoma Moellendorff, 1893 

Pleuropoma walkeri (E. A. Smith, 1894) 

Helicina walkeri E. A. Smith, 1894: 99. 

Aphanoconia (Sphaeroconia) baudinensis Wagner, 1909 
[in 1907-1911]: 217. 

Pleuropoma walkeri (E. A. Smith): Solem 1988: 465- 
466, figures 10-12; Solem 1991a: 149-150. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
northern and southern section (WAM S37179-83, WAM 
S49063, WAM S49065), Bigge Island, eastern section 
(WAM S36000-4, WAM S36671), Boongaree Island 
(WAM S36005-13, WAM S36683, WAM S37683-4), 
Bougainville Peninsula (WAM S49373), Coronation 
Island, northern and southern section (WAM S37082, 
WAM S37190-5, WAM S37199-204, WAM S49068), 
D’Arcy Island (WAM S37080-1, WAM S37185-9, 
WAM S49064), Gale Island (WAM S49067), Katers 
Island (WAM S36014-7, WAM S36562-3, WAM 
S36576, WAM S36672-3, WAM S36713, WAM S36927), 
Kingfisher Island (WAM S37785-6, WAM S37934-6), 
Malby Island (WAM S49066), Mictyis Island (WAM 
S49069), Middle Osborn Island, eastern and western 
section (WAM S36018-31, WAM S36564, WAM 
S36674-5, WAM S36684, WAM S36924-6), Sale 
River, Doubtful Bay (WAM S49383), Southwest Osborn 
Island, eastern and western section (WAM S36032-9, 
WAM S36473, WAM S36676, WAM S36896, WAM 
S36928-9), Storr Island (WAM S37929-33), St Andrew 
Island (WAM S37184), Uwins Island (WAM S37196-8), 
Wargul Wargul Island (WAM S49371-2). 

REMARKS 

This species was transferred to the genus Pleuropoma 
by Iredale (1939), and this was followed by Solem (1988). 
The name Aphanoconia baudinensis Wagner, 1909 was 
introduced as an unnecessary replacement name for 
Helicina walkeri and therefore is permanently invalid 
(Fulton 1915). Solem (1988) provided comparative 
remarks on shell and operculum morphology and basic 
data on ecology and distribution 

DISTRIBUTION AND ECOLOGY 

An inhabitant of vine thickets and rainforest patches 
with a patchy distribution in the Kimberley and 
adjacent regions of the Northern Territory (Solem 
1991a) (Figure 2). 



FIGURE 2 Distribution of Pleuropoma walkeri in the 
Kimberley: • previous records (Solem 
1991a), V new records from this survey. 

Clade Littorinimorpha 

Family Assimineidae H. Adams and A. Adams, 
1856 

Assimineid new genus, new species 

MATERIAL EXAMINED 

Australia: Western Australia: Middle Osborn Island, 
western section (WAM S36077-81, WAM S36881-2, 
WAM S36930, WAM S36957, WAM S36968). 

REMARKS 

The studied material is considered to represent an 
undescribed terrestrial assimineid species, thought to 
belong to a new genus. 

DISTRIBUTION AND ECOLOGY 

The species was found only on Middle Osborn Island 
in leaf litter in vine thickets at the base of a north-west 
facing cliff. 

Clade Hygrophila 

Family Lymnaeidae Rafinesque, 1815 
Austropeplea Cotton, 1942 
Austropeplea lessoni (Deshayes, 1830) 

Limnaea lessoni Deshayes, 1830: pi. 16, figures 1-2. 

Austropeplea lessoni (Deshayes): Hubendick 1951: 178; 
Puslednik et al. 2009: 643-659. 

MATERIAL EXAMINED 

Australia: Western Australia: Bigge Island, eastern 
section (WAM S36722, WAM S36935), Coronation 
Island, northern section (WAM S37084, WAM S37431-3), 
Southwest Osborn Island, western section (WAM S36723), 
Wargul Wargul Island (WAM S49393, WAM S49395). 
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REMARKS 

According to the currently accepted taxonomy, two 
species of Austropeplea are recognised from Australian 
freshwater habitats, A. lessoni and A. tomentosa (ABRS 
2009; Puslednik et al., 2009). As currently delimited, A. 
lessoni has an extended synonymy (ABRS 2009), which 
is not repeated here. Puslednik et al. (2009) studied 
morphological and molecular differentiation within 
Austropeplea across the entire Australian continent 
concluding that these data reveal inconsistent results. 
A molecular phylogeny based on a combination of 
mitochondrial (16S rRNA) and nuclear (ITS2) sequences 
revealed only two well differentiated clusters, which 
are consistent with the currently recognised species 
A. tomentosa and A. lessoni. By contrast, a combined 
analysis of molecular and morphological characters 
resulted in the identification of four lineages within 
A. tomentosa and two lineages within A. lessoni along 
geographical gradients. While this study confirmed the 
existence of a separate Western Australian morphotype 
within A. lessoni, we here follow the current taxonomic 
treatment where all populations from central and 
northern Australia are subsumed under the name A. 
lessoni. 

DISTRIBUTION AND ECOLOGY 

The species is widely distributed throughout Australia, 
including large areas of northern and central Australia 
and the Murray Darling Basin, where it lives in lentic 
and lotic waters feeding on detritus (ABRS 2009). 

Family Planorbidae Rafinesque, 1815 
Gyraulus Charpentier, 1837 
Gyraulus hesperus (Iredale, 1943) 

Glyptanisus hesperus Iredale, 1943: 226. 

Gyraulus hesperus (Iredale): Smith 1992: 269; Brown 

2001: 58-66, figures 15A-F, 28C, 31B-C. 

MATERIAL EXAMINED 

Australia: Western Australia: Coronation Island, 
northern section (WAM S37436-9), Wargul Wargul 
Island (WAM S49394). 

REMARKS 

The species-level taxonomy of Australian Gyraulus 
species has recently been revised by Brown (2001) based 
on anatomical characters. Accordingly, in the Kimberley 
region two species, G. hesperus (Iredale, 1943) and G. 
essingtonensis (Smith, 1883), are recognised, differing 
subtly in their shell morphology (concavity of the left 
side of the shell, coiling, and depression of whorls). Both 
species are widespread across northern Queensland, the 
Northern Territory and northern Western Australia. The 
present samples are identified as G. hesperus based on 
their relatively keeled periphery. 


DISTRIBUTION AND ECOLOGY 

This species lives in various kinds of more permanent 
freshwater habitats. The type locality of this species is 
the Fitzroy River, Kimberley. It has been recorded from 
numerous localities in Western Australia (Kimberley, 
Pilbara), the Northern Territory (Katherine District) and 
Queensland (north-western part) (Brown 2001). 

Isidore!I a Tate, 1896 
Isidorella eg regia (Preston, 1906) 

Limnaea ( Bulinus ) egregia Preston, 1906: 36. 

MATERIAL EXAMINED 

Australia: Western Australia: Katers Island (WAM 
S36883). 

REMARKS 

In his revision of the buliniform planorbid gastropods 
of Australia, Walker (1988) demonstrated that Isidorella 
is a distinct and endemic Australian genus characterised 
by key features of the copulatory organs (i.e. absence 
of accessory bursa or flagellum and pendant penis 
with two folded processes). Smith (1992) listed only 
a single taxon, I. newcombi (A. Adams and Angas, 
1864), as a valid species within this genus. The present 
species is currently assigned to Glyptophysa in the 
Australian Faunal Directory (ABRS 2009). However, 
this taxonomic placement does not reflect the results of 
a recent taxonomic revision and is therefore considered 
to be tentative. Dissection revealed anatomical features 
typical of Isidorella (Winston Ponder, personal 
communication), which is reflected in the taxonomic 
treatment given here. This species should not be 
confused with Glyptopupoides egregia (Hedley and 
Musson, 1892), which is a pupillid species. 

DISTRIBUTION AND ECOLOGY 

Only one population was found in a small freshwater 
pool. In the collection of the Australian Museum there 
is a possibly conspecific specimen (AM C417292 from 
the Burrup Peninsula, near Dampier, WA). This might 
indicate a wider, albeit sparse distribution of this species 
in north-western Western Australia. 

Bayardella Burch, 1977 
Bayardella johni Burch, 1977 

Plesiophysa (. Bayardella ) johni Burch, 1977: 79-80. 
Bayardella johni (Burch): Walker 1988: 80. 

MATERIAL EXAMINED 

Australia: Western Australia: Bigge Island, eastern 
section (WAM S367250), Coronation Island, northern 
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section (WAM S37434-5), Southwest Osborn Island, 
western section (WAM S36726), Wargul Wargul Island 
(WAM S49352). 

REMARKS 

The taxon Bayardella was elevated to the rank of 
genus by Walker (1988) based on a detailed examination 
of its anatomy. 

DISTRIBUTION AND ECOLOGY 

The species has been recorded from lotic freshwater 
habitats throughout the Kimberley as well as from the 
adjacent Katherine district, Northern Territory (Walker 
1988). 

Clade Stylommatophora 
Family PupillidaeTurton, 1831 
Pupisoma Stoliczka, 1873 
Pupisoma orcula (Benson, 1850) 

Helix orcula Benson, 1850: 251. 

Pupisoma orcula (Benson): Pilsbry 1920 [in 1920-1921]: 
31-34, pi. 2, figures 1-5; van Benthem Jutting 1952: 
363, fig. 40; 1964: 6; Solem 1988: 472-473, figures 18, 
21-23; Solem 1991a: 152; Solem 1991b: 250. 

MATERIAL EXAMINED 

Australia: Western Australia: Bigge Island, eastern 
section (WAM S 36335-6), Boongaree Island (WAM 
S36337-40), Bougainville Peninsula (WAM S49362), 
Coronation Island, northern and southern section (WAM 
S37455-68), D’Arcy Island (WAM S37451-2), Katers 
Island (WAM S36341-3, WAM S36919), Middle Osborn 
Island, eastern and western section (WAM S36344-6, 
WAM S36918), Southwest Osborn Island (WAM S 
36347-50), St Andrew Island (WAM S37453), Uwins 
Island (WAM S37469), Wulalam Island (WAM S37905). 

REMARKS 

This taxon was transferred to Pupisoma by Pilsbry 
(1920), and this placement was followed by subsequent 
authors. Solem (1988) provided comparative remarks on 
its shell and operculum morphology and basic data on 
its ecology and distribution. 

DISTRIBUTION AND ECOLOGY 

Apparently with a great potential for dispersal, this 
species has been reported from India to north-western 
Australia, including South Africa, Indonesia, Japan, 
New Guinea and Hawaii (e.g. van Benthem Jutting 1952, 
1964; Solem 1988); in Australia it has been recorded 
from numerous localities in the Kimberley between 
Walcott Inlet in the south and the Roper River, NT, in 
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the north (Solem 1988, 1991a) (Figure 3). 

Pupisoma circumlitum Hedley, 1897 

Pupisoma circumlitum Hedley, 1897: 44-45; Zilch 1959: 
173; Solem 1988: 473-474, figures 17, 24-25; Solem 
1991a: 153; Solem 1991b: 250; Stanisic et al. 2010: 
100 - 101 . 

Imputegla circumlita (Hedley): Iredale 1937: 305. 

Pupisoma {Imputegla) circumlitum (Hedley): Merrifield 
et al. 1977: 114. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island 
(WAM S37470), Boongaree Island (WAM S36326), 
Coronation Island, northern and southern section 
(WAM S37473, WAM S37475-8), D’Arcy Island (WAM 
S37471-2), Middle Osborn Island, western section 
(WAM S36327, WAM S36917), Sir Graham Moore 
Island (WAM S36330-4), Southwest Osborn Island, 
western section (WAM S36328-9), Storr Island (WAM 
S37906). 

REMARKS 

This species was referred to Imputegla in a checklist 
(Iredale 1937) but this has not been followed by 
subsequent authors. 

DISTRIBUTION AND ECOLOGY 

In Australia this species is widely distributed in 
coastal regions of south-eastern New South Wales and 
north-eastern Queensland, the Northern Territory and 
Western Australia (Solem 1988, Stanisic et al. 2010); it 
is not rare but is often overlooked. In the Kimberley it 
has been recorded from 18 localities between Walcott 
Inlet to Drysdale River National Park and from around 
Kalumburu (Solem 1991a) (Figure 4). 

Nesopupa Pilsbry, 1900 
Nesopupa mooreana (E. A. Smith, 1894) 

Pupa mooreana E. A. Smith, 1894: 97, pi. VII, fig. 25. 

Bifidaria mooreana (E. A. Smith): Hedley 1916: 217. 

Gastrocopta mooreana (E. A. Smith): Pilsbry 1917 [in 
1916-1918]: 160, pi. 30, fig. 4; 1920 [in 1920-1921]: 
230-231, pi. 24, figures 6-7. 

Australbinula mooreana (E. A. Smith): Iredale 1937: 
302; Iredale 1939: 8-9, pi. 1, fig. 4. 

Nesopupa mooreana (E. A. Smith): Solem 1988: 477- 
479, figures 33-37; Solem 1991a: 153; Solem 1991b: 
249. 
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FIGURE 3 Distribution of Pupisoma orcula in the 
Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 4 Distribution of Pupisoma circumlitum in 
the Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 5 Distribution of Nesopupa mooreana in 

the Kimberley: • previous records (Solem 
1991a), V new records from this survey. 


MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
northern section (WAM S37474, WAM S37479), Bigge 
Island (WAM S36262-4), Boongaree Island (WAM 
S36265-70), Coronation Island, northern and southern 
section (WAM S37483-5, WAM S37487-502), D’Arcy 
Island (WAM S37481-2, WAM S37984), Katers 
Island (WAM S36204-6), Kingfisher Island (WAM 
S37911—2), Lachlan Island (WAM S49406), Mary 
Island (WAM S49405), Middle Osborn Island, eastern 
and western section (WAM S36207-9, WAM S36442, 
WAM S36913-5), Sir Graham Moore Island (WAM 
S36217-24), Southwest Osborn Island, western section 
(WAM S36210-6), St Andrew Island (WAM S37480, 
WAM S37486), unnamed island, Doubtful Bay (WAM 
S37910), Uwins Island (WAM S37503-4), Wulalam 
Island (WAM S37909). 

REMARKS 

This taxon was transferred to the genus Nesopupa by 
Solem (1988), who provided a detailed synonymy based 
on a comparative analysis of shell features, especially 
the configuration of apertural barriers. It had been 
previously placed in Bifidaria Sterki, 1891 by Hedley 
(1916) and in Australbinula Pilsbry, 1916 by Iredale 
(1937, 1939). However, Bifidaria is a North American 
taxon and Australbinula was synonymised with 
Gastrocopta by Solem (1986). Solem (1988) provided 
brief comparative remarks as well as distributional data. 

DISTRIBUTION AND ECOLOGY 

This species occurs in coastal areas of north-western 
Western Australia and the Northern Territory (Solem 
1988; ABRS 2009). In the Kimberley this species has 
been recorded from 56 localities between Dampierland 
in the south-west and the Ningbing Ranges in the north¬ 
east (Solem 1991a) (Figure 5). 


Gastrocopta Wollaston, 1878 
Gastrocopta pediculus (Shuttleworth, 1852) 

Pupa pediculus Shuttleworth, 1852: 196. 

Pupa artensis Montrouzier, 1859: 288, pi. 8, fig. 4. 

Pupa moretonensis Cox, 1868: 81. 

Pupa ( Vertigo ) rossiteri Brazier, 1875a: 18. 

Gastrocopta pediculus ovatula Moellendorff, 1890: 253. 

Gastrocopta pediculus (Shuttleworth): Pilsbry 1917 
[in 1916-1918]: 158, pi. 26, fig. 1; Solem 1991b: 249; 
Pokryszko 1996: 1089, fig. 3; Stanisic et al. 2010: 102-103 

Gastrocopta pediculus queenslandica Pilsbry, 1917 [in 
1916-1918]: 159, pi. 26, fig. 2. 

Gastrocopta simplex Solem, 1988: 484, figures 42-45; 
Solem 1991a: 155-156; Solem 1991b: 249 
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MATERIAL EXAMINED 

Australia: Western Australia: Adolphus Island, 
northern and eastern section (WAM S37538-42, WAM 
S37604, WAM S37985, WAM S37998), Bigge Island, 
west and east coast (WAM S36761-4, WAM S42906, 
WAM S42909), Coronation Island, northern section 
(WAM S42903), Mary Island (WAM S49401), Sir 
Graham Moore Island, eastern section (WAM S36765, 
WAM S42910). 

REMARKS 

Solem (1988) proposed a native northern Australian 
species Gastrocopta simplex and regarded G. pediculus 
as a recent introduction to Australia. However, G. 
simplex was later synonymised with G. pediculus by 
Pokryszko (1996). The Australian representatives of G. 
pediculus are regarded as native. 

DISTRIBUTION AND ECOLOGY 

This species occurs in coastal areas of northern and 
eastern Australia (north-eastern Western Australia, 
Northern Territory, Queensland, New South Wales) 
(Pokryszko 1996). It has been extralimitally recorded 
from New Caledonia, the Philippines, Cook Islands, 
Society Islands, Marianas, Hawaii, Tuamotu Islands, 
Tonga, Vanuatu (= New Hebrides), Solomon Islands, 
Caroline Islands and Fiji. It is widely distributed in 
the Kimberley region but records are relatively scarce 
(Solem 1991a; Pokryszko 1996) (Figure 6). 

Gastrocopta stupefaciens Pokryszko, 1996 

Gastrocopta stupefaciens Pokryszko, 1996: 1101-1104, 

figures 15-17. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
north-western and southern section (WAM S37562-3, 
WAM S37568-9), Bigge Island, west and east coast 
(WAM S36782-6, WAM S36797, WAM S36903, WAM 
S42896, WAM S42899, WAM S42901, WAM S42908), 
Boongaree Island, central section (WAM S36787-91, 
WAM S36804, WAM S42891, WAM S42895), Byam 
Martin Island (WAM S37565), Coronation Island, 
northern and southern section (WAM S37573-87, WAM 
S37593, WAM S42905, WAM S42892), D’Arcy Island, 
north-western and central section (WAM S37564, WAM 
S37570-2), Katers Island, west coast (WAM S36792-3), 
Malby Island (WAM S37991), Melamis Island (WAM 
S49397), Middle Osborne Island, west and east coast 
(WAM S36794, WAM S36816, WAM S36904, WAM 
S42888, WAM S42890, WAM S42894, WAM S42898), 
Sir Graham Moore Island, eastern section (WAM 
S42897, WAM S42907, WAM S42912-3, WAM S65202, 
WAM S65204), Southwest Osborn Island, west coast 
(WAM S36795, WAM S42889, WAM S42900, WAM 
S42902), St Andrew Island (WAM S37566-7, WAM 
S37589), unnamed Island, Vulcan Islands Group (WAM 
S37990), Uwins Island (WAM S37588, WAM S37603), 
Wargul Wargul Island (WAM S49402), Wulalam Island 
(WAM S49398). 


FRANK KOHLER, VINCE KESSNER AND COREY WHISSON 
REMARKS 

Having long been regarded by earlier workers as 
identical to Gastrocopta recondita (Tapparone-Canefri, 
1883), G. stupefaciens was formally described as a 
distinct species by Pokryszko (1996) with the type 
locality of Champagny Island, Bonaparte Archipelago, 
WA. Pokryszko (1996) lists the distribution of G. 
recondita as extralimital (Philippines, Moluccas and 
Aru Islands). 

DISTRIBUTION AND ECOLOGY 

This species is known only from the extreme 
north-western region of Australia. Most records are 
from coastal areas and islands of the north-western 
Kimberley, with scattered inland records from the 
north-eastern Kimberley and northern parts of the 
Northern Territory (Pokryszko 1996) (Figure 7). 

Gastrocopta macdonnelli (Brazier, 1875) 


Pupa ( Vertigo ) macdonnelli Brazier, 1875a: 30; 1875b: 669, 
pi. 83, fig. 22-23. 

Pupa (Vertigo) macleayi Brazier, 1876: 110, 128. 

Vertigo macdonnelli (Brazier): Hedley 1888: 65. 

Vertigo macleayi (Brazier): Hedley 1888: 65. 

Bifidaria macleayi (Brazier): Hedley 1902: 19, pi. 3, fig. 39. 

Gastrocopta macdonnelli (Brazier): Pilsbry 1917 [in 1916— 
1918]: 162, pi. 27, fig. 9, 11-12; Solem 1988: 492-493, 
figures 60-61; Solem 1991b: 249; Pokryszko 1996: 1099, 
figures 11-14; Stanisic et. al. 2010: 102-103. 

Gastrocopta macdonnelli macrodon Pilsbry, 1917 [in 1916— 
1918]: 164, pi. 27, fig. 7-8, 10. 

Australbinula macdonnelli (Brazier): Iredale 1937: 302. 

Gastrocopta macrodon Pilsbry: Iredale 1941: 63; Solem 
1988: 495-496, figures 62-67; Solem 1991a: 155-156; 
Solem 1991b: 249. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
north-western and southern section (WAM S37543-8, 
WAM S37592), Bigge Island, east coast (WAM S36796, 
WAM S36798-9, WAM S36800-3), Boongaree Island, 
central section (WAM S36766-71, WAM S36805-9), 
Coronation Island, northern and southern section 
(WAM S37550-6, WAM S37594-602), DArcy Island 
(WAM S37549, WAM S37591, WAM S37986), Katers 
Island, west coast (WAM S36772, WAM S36916), 
Kingfisher Island (WAM S37982-3), Lachlan Island 
(WAM S37892, WAM S37967, WAM S49408-9), Low 
Island (WAM S49412), Malby Island (WAM S37988), 
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FIGURE 6 Distribution of Gastrocopta pediculus in 
the Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 7 V new records of Gastrocopta stupefacians 
in the Kimberley. 



FIGURE 8 Distribution of Gastrocopta macdonneli in 
the Kimberley: • previous records (Solem 
1991a as 'Gastrocopta macrodon), V new 
records from this survey. 


Mictyis Island (WAM S37989), Middle Osborne Island, 
west and east coast (WAM S36773-7, WAM S36810-5, 
WAM S36817-9, WAM S36908-11), Mary Island 
(WAM S49411), Hidden Island, north-west section 
(WAM S37971), Long Island, north-west section (WAM 
S37968), peninsula 7.3 km SW of Porter Hill, Cascade 
Bay (WAM S49407), Sale River, Doubtful Bay (WAM 
S49410), Sir Graham Moore Island, eastern and western 
section (WAM S36781, WAM S36825-48), Southwest 
Osborn Island, west coast (WAM S36778-80, WAM 
S36820-4, WAM S36912), Storr Island, south-east 
section (WAM S37972-7), St Andrew Island (WAM 
S37590), St Patrick Island (WAM S37987), Sunday 
Island, southern section (WAM S37969), unnamed 
island, Doubtful Bay (WAM S37978-81), Uwins Island 
(WAM S37557-61). 

REMARKS 

This species shows considerable variation in shell 
shape and size, and apertural barrier size, within and 
between populations. Because of this variation, several 
species and subspecies have been proposed previously 
but all have since been synonymised with Gastrocopta 
macdonnelli by Pokryszko (1996). 

DISTRIBUTION AND ECOLOGY 

This species occurs in coastal areas of northern 
Australia, including north Western Australia, the 
Northern Territory and north-eastern Queensland. 
Extralimitally it has been recorded from Papua New 
Guinea (Pokryszko 1996). It is widely distributed in the 
Kimberley, with most records within the north-western 
coastal region (Solem 1991a; Pokryszko 1996) (Figure 8). 

Gastrocopta kessneri (Solem, 1988) 

Pumilicopta kessneri Solem, 1988: 499-500, figures 

85-87; Solem 1991a: 159; Solem 1991b: 250. 

Gastrocopta ( Pumilicopta ) kessneri (Solem): Pokryszko 

1996: 1113, figures 26-28. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
north-western and southern section (WAM S37506-9, 
WAM S37512, WAM S37515), Bigge Island, east coast 
(WAM S36225-6), Boongaree Island, central section 
(WAM S36227-35), Coronation Island, northern and 
southern section (WAM S37518-34, WAM S37997), 
D’Arcy Island (WAM S37510, WAM S37516, WAM 
S37517, WAM S37994), Katers Island, west coast (WAM 
S36236-41), Malby Island (WAM S37996), Middle 
Osborne Island, west and east coast (WAM S36242-9, 
WAM S36905-6), peninsula ca 8 km SE of St. Patrick 
Island, Saint George Basin (WAM S37995), Sale River, 
Doubtful Bay (WAM S49403), Sir Graham Moore 
Island, eastern and western section (WAM S36258-61), 
Southwest Osborn Island, west coast (WAM S36250-7, 
WAM S36907), Storr Island, south-east section (WAM 
S37902-4), St Andrew Island (WAM S37511, WAM 
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S37513-4), St Patrick Island (WAM S37993), Uwins 
Island (WAM S37535-7), Wargul Wargul Island (WAM 
S49363, WAM S49404). 

REMARKS 

Solem (1988) proposed a new genus, Pumilicopta, 
which was later given subgeneric rank by Poykryszko 
(1996), who could not detect characters sufficient to 
distinguish it at the generic level. 

DISTRIBUTION AND ECOLOGY 

This species occurs in coastal areas and islands of 
north Western Australia, with only a few scattered 
records from the coastal Northern Territory. It is widely 
distributed in the Kimberley, with most records being 
located within the north-western coastal region (Solem 
1991a) (Figure 9). 

Pupoides Pfeiffer, 1854 

Pupoides pad ficus (Pfeiffer, 1846) 

Pupa pacifica Pfeiffer, 1846: 31; Hedley and Musson 
1892: 558; E. A. Smith 1894: 96 (partim). 

Bulimus pacificus (Pfeiffer): Cox 1868: 68-69, pi. 13, 
fig. 3; Brazier 1876: 272. 

Pupoides pacificus (Pfeiffer): Pilsbry 1900: 426, fig. 
1; Hedley 1916: 68 (partim); Pilsbry 1920 [in 1920- 
1921]: 1414, pi. 15, figures 11-15 (partim); Solem 1988: 
513-516, figures 108-114; Solem 1991a: 160; Solem 
1991b: 250; Stanisic et al. 2010: 98-99. 

Themapupa pacifica (Pfeiffer): Iredale 1937: 304. 

Themapupa anapacifica Iredale, 1939: 10, pi. 1, fig. 9. 

Themapupa dirupta Iredale, 1939: 11, pi. 1, fig. 8. 

Themapupa comperta Iredale, 1940: 235. 

Pupoides ( Themapupa ) anapacifica (Iredale): Merrifield 
et al. 1977: 114. 

MATERIAL EXAMINED 

Australia: Western Australia: Adolphus Island 
(WAM S37426-30), Bigge Island (WAM S36044-70, 
Boongaree Island (WAM S36048-52), Bougainville 
Peninsula (WAM S49375), Coronation Island, northern 
and southern section (WAM S37417-25), D’Arcy Island 
(WAM S37416), Katers Island (WAM S56053-4), 
Lachlan Island (WAM S49391-2), Low Island (WAM 
S49376), Mary Island (WAM S49374), Middle Osborn 
Island, eastern and western section (WAM S36055-8), 
Sale River, Doubtful Bay (WAM S49315), Sir Graham 
Moore Island, eastern and western section (WAM 
S36062-76), Southwest Osborn Island, western section 
(WAM S36059-61), Storr Island (WAM S37893). 


FRANK KOHLER, VINCE KESSNER AND COREY WHISS0N 
REMARKS 

The present generic treatment was suggested by 
Pilsbry (1900). Iredale (1930) named a new genus, 
Themapupa, for the Australian species, and later 
maintained this genus despite its subsequent rejection 
by Pilsbry (1921). Smith and Kershaw (1979) and 
Solem (1986, 1988) maintained Pilsbry’s (1900) generic 
treatment. The four Themapupa species described 
by Iredale (1939, 1940) were regarded as synonyms 
of Pupoides pacificus by Solem (1988) although he 
remarked that subspecies may exist. A sinistrally- 
coiling population of Pupoides on Cassini Island in 
the Kimberley was assigned to the dextrally-coiling 
Pupa pacifica by Smith (1894), but later separated as P. 
pacificus var. sinistralis by Pilsbry (1921). Iredale (1939) 
promoted the sinistral population to species status as 
Themapupa sinistralis. This decision was subsequently 
rejected by Solem (1986) who maintained Pilsbry’s 
(1921) treatment. Solem (1988) later placed Smith’s 
(1894) sinistral population in P. pacificus. However, 
other dextral and sinistral Pupoides specimens 
being found in sympatry in central and southern 
Australia have been regarded as separate species and 
it is considered likely that the Cassini Island sinistral 
population will also prove to represent a distinct species. 
Sinistral specimens have since been found on other 
Kimberley Islands (Whisson, unpublished data). 

DISTRIBUTION AND ECOLOGY 

This species is widely distributed in the interior and 
most of the drier northern to north-eastern regions of 
Australia, including Western Australia, Queensland, 
the Northern Territory and north-western New South 
Wales (Solem 1988; ABRS 2009; Stanisic et al. 2010). 
In Western Australia it has been recorded from just east 
of Kununurra southward to Quondong Point, north of 
Broome, with a single isolated record from the Chichester 
Range in the Pilbara (Solem 1988) (Figure 10). 

Family Cerastidae Wenz, 1923 
Amimopina Solem, 1964 
Amimopina macleayi (Brazier, 1876) 

Bulimus macleayi Brazier, 1876: 108. 

Amimopina macleayi (Brazier): Solem 1964: 115-9; 

1973: figures 9-10; Merrifield et al. 1977: 115; Solem 

1988: 519, fig. 150; Stanisic et al. 2010: 112-113. 

Bulimus beddomei Brazier, 1880: 385. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
northern section (WAM S37681), Bigge Island (WAM 
S36087-90, WAM S36659-60, WAM S36886-8, 
WAM S36936), Boongaree Island (WAM S36091-2), 
Coronation Island, southern section (WAM S36997, 
WAM S37167-73, WAM S37680), D’Arcy Island 
(WAM S37163-4), Middle Osborn Island, eastern and 
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FIGURE 9 Distribution of Gastrocopta (Pumilicopta) 
kessneri in the Kimberley: • previous 
records (Solem 1991a), V new records 
from this survey. 



FIGURE 10 Distribution of Pupoides pacificus in the 
Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 11 Distribution of Amimopina macleayi in 

the Kimberley: • previous records (Solem 
1991a), V new records from this survey. 


western section (WAM S36093-102, WAM S36441, 
WAM S36661-4, WAM S36677-82, WAM S36889-93), 
Southwest Osborn Island, eastern and western section 
(WAM S36103-9, WAM S36665-70, WAM S36894-5), 
Storr Island (WAM S37894-5), St Andrew Island 
(WAM S36996, WAM S37165-6), Uwins Island (WAM 
S37174, WAM S37086), Wargul Wargul Island (WAM 
S49298). 

REMARKS 

Solem’s (1964) taxonomic revision of this species was 
based on anatomical data, and he suggested placement 
in the new genus Amimopina. He also suggested the 
synonymy of Bulimus beddomei. Further distributional 
data was subsequently presented by Solem (1988, 
1991a). 

DISTRIBUTION AND ECOLOGY 

The species was originally described from Yule Island, 
Papua New Guinea, but has also been recorded from 
northern Australia, including coastal regions of Western 
Australia (Pilbara, Kimberley), the Northern Territory 
and northern and coastal north-eastern Queensland, 
including the Torres Strait Islands (Solem 1988,1991a; 
Stanisic et al. 2010) (Figure 11). 


Family Subulinidae R Fischer and Crosse, 1877 
Eremopeas Pilsbry, 1906 
Eremopeas interioris (Tate, 1894) 

Stenogyra interioris Tate, 1894: 191; Tate 1896: 203. 

Pseudopeas ( Eremopeas ) interioris (Tate): Pilsbry 1906: 
120, pi. 25, figures 17-18. 

Eremopeas interioris (Tate): Solem 1988: 526-529, 
figures 139, 141-148. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
northern and southern section (WAM S37205-9, WAM 
S37213), Bigge Island (WAM S36110-7), Boongaree 
Island (WAM S36118-30), Byam Martin Island (WAM 
S37210), Coronation Island, northern and southern section 
(WAM S37215-39), D’Arcy Island (WAM S37214), 
Gale Island (WAM S49056), Kingfisher Island (WAM 
S37926-8), Lachlan Island (WAM S37913-4, WAM 
S49380-1), Long Island, King Sound (WAM S37915), 
Mictyis Island (WAM S49057), Middle Osborn Island, 
eastern and western section (WAM S36131-44, WAM 
S36932-4), Peninsula 7.3 km SW of Porter Hill, Cascade 
Bay (WAM S49313), Sale River mouth, Doubtful Bay 
(WAM S49382, WAM S49314), Southwest Osborn Island, 
western section (WAM S36145-90), St Andrew Island 
(WAM S37211-2), St Patrick Island (WAM S49055), 
Storr Island (WAM S37918-21), Sunday Island (WAM 
S37916-7), unnamed island, Doubtful Bay (WAM 
S37922-4, WAM S37981), Uwins Island (WAM S37240- 
1), Wargul Wargul Island (WAM S49370). 
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REMARKS 

The species was placed in Eremopeas by Pilsbry 
(1906), which was followed by Solem (1988, 1991a). 
Solem (1988) provided a detailed description of shell 
features as well as many distributional records. Only 
one other subulinid species, E. tuckeri (Pfeiffer, 1846), 
is known to be endemic to Australia, but it is confined 
to the Northern Territory and eastern Australia (Solem 
1988; Smith 1992; Stanisic et al. 2010). 

DISTRIBUTION AND ECOLOGY 

This species is endemic to Australia, where it is 
widely distributed throughout warmer regions, being 
recorded from Central Australia, Northern Territory and 
Queensland as well as from the Pilbara and Kimberley, 
Western Australia (Solem 1988) (Figure 12). 

Family Charopidae Hutton, 1884 
Discocharopa Iredale, 1913 
Discocharopa aperta (Moellendorff, 1888) 

Patula aperta Moellendorff, 1888: 89. 

Discocharopa aperta (Moellendorff): Solem 1983: 
76-81; Solem 1984: 164-165, figures 9, 10, 22-27; 
Solem 1988: 538, figures 157-160; Stanisic et al. 2010: 
216-217. 

Endodonta ( Charopa ) planorbulina Tate, 1896: 187, 
pi. 17, fig. 3. 

Endodonta concinna Hedley, 1901: 729, pi. 48, figures 
1-3. 

Discocharopa microdiscus van Benthem Jutting, 
1964: 11. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island, 
northern section (WAM S37340), Boongaree Island 
(WAM S36082), Coronation Island, northern and 
southern section (WAM S37343-5), Kingfisher Island 
(WAM S37908), Southwest Osborn Island, western 
section (WAM S36083), St Andrew Island (WAM 
S37341-2), Storr Island (WAM S37907). 

REMARKS 

The synonymy of Endodonta {Charopa) planorbulina 
and E. concinna has been suggested by Solem (1984) 
based on a study of the type material. This charopid 
species appears to have closer affinities with Indonesian 
rather than with eastern Australian confamilial species 
(Solem, 1984). 

DISTRIBUTION AND ECOLOGY 

The species has a wide distribution in south-eastern 
Asia and tropical Australasia, including the Philippines, 
New Guinea, and northern Australia. The Australian 
distribution was summarized by Solem (1984, 1988) as 
generally scattered with records from Western Australia 
(Kimberley), the Northern Territory (Katherine area), 
central (MacDonnell Range, Alice Springs) and eastern 
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FIGURE 12 Distribution of Eremopeas interiors in 

the Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 13 Distribution of Discocharopa aperta in the 
Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 14 Distribution of Stenopylis coarctata in the 
Kimberley: • previous records (Solem 
1991a as 'Gastrocopta macrodon'), V new 
records from this survey. 
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Australia (Queensland through to northern New South 
Wales). With respect to the Kimberley and adjacent 
areas of the Northern Territory, Solem (1984) remarked 
on its absence from the Prince Regent River, Mitchell 
Plateau, Kalumburu, Drysdale and Katherine areas. 
Solem (1988, 1991a) added records from Katherine, the 
Roper River and throughout the Kimberley, where the 
species has been found in both rainforest patches and 
drier limestone areas (Figure 13). 

Family Helicodiscidae H.B. Baker, 1927 

Stenopylis Fulton, 1914 

Stenopylis coarctata (Moellendorff, 1894) 

Plectopylis coarctata Moellendorff, 1894 [in Quadras 
and Moellendorff 1894]: 113. 

Stenopylis coarctata (Moellendorff): Solem 1984: 159— 
63, figures 1-8, 11-21; Solem 1988: 535-537, figures 
153-156; Stanisic et al. 2010: 276. 

Planispira hemiclausa Tate, 1894: 192. 

Helix ( Polygyra ) microdiscus Bavay, 1908: 283. 

MATERIAL EXAMINED 

Australia: Western Australia: Augustus Island 
(WAM S37303-8, WAM S37313), Bigge Island (WAM 
S36271-83), Boongaree Island (WAM S 36284-9), 
Bougainville Peninsula (WAM S49368), Byam Martin 
Island (WAMS 37309), Coronation Island (WAM 
S37316-34, WAM S49051), D’Arcy Island (WAM 
S37314-5, WAM S37505, WAM S49048, WAM 
S49052), Gale Island (WAM S49050), Katers Island 
(WAM S36290-5, WAM S36727, WAM S36941), 
Kingfisher Island (WAM S37948-50), Long Island, King 
Sound (WAM S37937), Low Island (WAM S49369), 
Malby Island (WAM S49049), Middle Osborn Island 
(WAM S36296-307, WAM S36937-40), Storr Island 
(WAM S 37938-43), Sir Graham Moore Island (WAM 
S36316-25), Southwest Osborn Island (WAM S36308- 
15, WAM S36942-3), St Andrew Island (WAM S37310- 
2), unnamed island, Doubtful Bay (WAM S37945-7), 
Uwins Island (WAM S37335), Wargul Wargul Island 
(WAM S49366-7). 

REMARKS 

The synonymy of Planispira hemiclausa Tate, 1894 
and Helix ( Polygyra ) microdiscus Bavay, 1908 with 
Stenopylis coarctata (Moellendorff, 1894) was suggested 
by Solem (1984). Data on shell morphology and the 
distribution of this flattened, minute terrestrial snail has 
been presented by Solem (1984, 1988) and Stanisic et al. 
( 2010 ). 

DISTRIBUTION AND ECOLOGY 

Although records are scattered, this species apparently 
has a wide distribution, which includes the Philippines, 
large areas in Indonesia, New Guinea, the Solomon 
Islands, and northern Australia (Solem 1984, 1988). In 



FIGURE 15 Distribution of Coneuplecta microconus in 
the Kimberley: • previous records (Solem 
1991a as 'Gastrocopta macrodon\ V new 
records from this survey. 


Australia it has been found throughout the Kimberley 
as well as in many parts of the Northern Territory, 
Queensland, and central Australia (Solem 1984, 1988, 
1991a; Stanisic et al. 2010) (Figure 14). Recently, it has 
been recorded from Cape Range in Western Australia 
(Slack-Smith 1993). 

Family Euconulidae Bourguignat, 1877 
Coneuplecta Moellendorff, 1893 
Coneuplecta microconus (Mousson, 1865) 

Nanina microconus Mousson, 1865: 192. 

Coneuplecta microconus (Mousson): van Benthem 
Jutting 1964: 21-2. 

Coneuplecta ( Sitalina ) microconus (Mousson): H. B. 
Baker 1941: 236-7, pi. 44, figures 10; Solem 1988: 
545-546, figures 174, 179-180. 

Sitala bandongensis O. Boettger, 1890: 141-142, pi. 5, 
figures 3, 3a-3b. 

Coneuplecta bandongensis (Boettger): van Benthem 
Jutting 1950: 388-90, figures 4-5; 1958: 329. 

MATERIAL EXAMINED 

Australia: Western Australia: Boongaree Island 
(WAM S36085, WAM S36931), Middle Osborn Island, 
eastern section (WAM S36086). 

REMARKS 

Familial placement of this genus has been 
controversial. Here we follow the latest available 
revision by Hyman and Ponder (2010). 

DISTRIBUTION AND ECOLOGY 

This species was described from Fiji and subsequently 
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reported from western Irian Jaya (van Benthem Jutting 
1964), throughout the Indonesian Archipelago (van 
Benthem Jutting 1950, 1958), Tonga, Vanuatu and 
Australia (Solem 1988). Within Australia it has been 
recorded from NE Queensland (Stanisic et al. 2010), the 
wetter areas of the Northern Territory and the Kimberley 
north of Walcott Inlet (Solem 1991a) (Figure 15). The 
species aestivates sealed to twigs, bark or leaves in litter 
and is restricted to rainforest and vine thickets (Solem 
1991a; Stanisic et al. 2010). 

Family Helicarionidae Bourcjuignat, 1877 

Westracystis Iredale, 1939 

Westracystis lissus (E. A. Smith, 1894) 

Lamprocystis lissa E.A. Smith, 1894: 86. 

Microcystis lissa (E.A. Smith): Hedley 1916: 71. 

Westracystis lissus (E.A. Smith): Iredale 1933: 56; 
Iredale 1937: 6; Iredale 1939: 44; Solem 1982: 178-83, 
figures 1-5, 12-14, 16, 18; Solem 1988: 554-555. 

Westracystis tentus Iredale 1939: 44. 

MATERIAL EXAMINED 

Australia: Western Australia: Adolphus Island 
(WAM S37152-7), Augustus Island, northern and 
southern section (WAM S37091-7, WAM S37114-6), 
Bigge Island, eastern and western section (WAM 
S36150-6, WAM S36685, WAM S36920), Boongaree 
Island (WAM S36157-66, WAM S36561, WAM S36757, 
WAM S49059), Bougainville Peninsula (WAM S49379), 
Byam Martin Island (WAM S37076, WAM S37107), 
Coronation Island, northern and southern section (WAM 
S37124-46), DArcy Island (WAM S37077, WAM 
S37090, WAM S37098-106, WAM S37108, WAM 
S37117-23, WAM S49058), Gale Island (WAM S49062), 
Katers Island (WAM S36167-9, WAM S36686-9, WAM 
S36759), Kingfisher Island (WAM S37964-5), Malby 
Island (WAM S49061), Middle Osborn Island, eastern 
and western section (WAM S36170-7, WAM S36690-2, 
WAM S36921-3, WAM S36951), peninsula 7.3 km 
SW of Porter Hill, Cascade Bay (WAM S49316), Sale 
River, Doubtful Bay (WAM S49317, WAM S49384), 
Sir Graham Moore Island, eastern and western section 
(WAM S36186-203, WAM S36700-1), Southwest 
Osborn Island, western section (WAM S36178-85, 
WAM S36693-9), St Andrew Island (WAM S37109- 
13), Storr Island (WAM S37957-61), Sunday Island 
(WAM S37787-9, WAM S37810, WAM S37951, WAM 
S37953-5), unnamed island, Baylis Island Group (WAM 
S49319), unnamed island, Doubtful Bay (WAM S37962- 
3), unnamed island, Vulcan Islands Group (WAM 
S49060), unnamed island, Talbot Bay (WAM S49386), 
Uwins Island (WAM S37078, WAM S37147-51), Wargul 
Wargul Island (WAM S 49377-9, WAM S49385), 
Wulalam Island (WAM S37956, WAM S49318). 



FIGURE 16 Distribution of Westracystis lissus in the 
Kimberley: • previous records (Solem 
1991a), V new records from this survey. 



FIGURE 17 Distribution of Wilhelminaia mathildae in 
the Kimberley: • previous records (Solem 
1991a), V new records from this survey. 


REMARKS 

This species was originally placed in Lamprocystis, 
a euconulid taxon, and was subsequently affiliated with 
Microcystis by Hedley (1916), also a member of the 
Euconulidae. Eventually, the species was placed in the 
new genus Westracystis by Iredale (1939). Solem (1982) 
revised its taxonomy based on a comparative anatomical 
study and synonymised W. tentus with W. lissus. Hyman 
and Ponder (2010) also published a description of the 
anatomy and followed the taxonomy suggested by Solem 
(1982). 

DISTRIBUTION AND ECOLOGY 

This species is widely distributed in the Kimberley, 
Western Australia, and adjacent areas of the Northern 
Territory (Solem 1982, 1991a) (Figure 16), where it 
has been found at a large number of localities, most of 
which lie within the area characterised by the 500 m 
rainfall isohyets. Its distribution becomes more scattered 
towards the dryer south-eastern section of the Kimberley 
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(Solem 1982). Specimens have been found in a wide 
range of habitats from very dry to moist conditions 
(Solem 1991a). 

Wilhelminaia mathildae Preston, 1913 

Wilhelminaia mathildae Preston, 1913: 435; van 

Benthem Jutting 1964: 28; Solem 1960: 43; Solem 

1988: 547-548, figures 185-189; Stanisic et al. 2010: 

344-345. 

REMARKS 

Solem (1988) provided comparative data on shell 
morphology and summarised the known distribution 
of this species. The familial placement of Wilhelminaia 
is dubious - placement within the Euconulidae has 
been suggested by Hyman and Ponder (2010) based on 
a morphology-based revision, whereas Stanisic et al. 
(2010) referred it to the family Microcystidae. 

MATERIAL EXAMINED 

Australia: Western Australia: Boongaree Island 
(WAM S36084), Coronation Island, southern section 
(WAM S37336-9), St Patrick Island (WAM S37992), 
Storr Island (WAM S37896-8), Sale River, Doubtful 
Bay (WAM S49389). 

DISTRIBUTION AND ECOLOGY 

This species was originally described from Obi, in 
the Moluccas region of Indonesia and has subsequently 
been recorded from other sites in the Moluccas and in 
Papua New Guinea, the Solomon Islands and Vanuatu 
(=New Hebrides). Within Australia, it is widespread 
along the eastern coast from southern NSW to northern 
Queensland (Stanisic et al. 2010), in the Northern 
Territory north of the Roper River and in the wetter 
parts of the Kimberley (Solem 1988) (Figure 17). 

DISCUSSION 

Seventeen terrestrial and four freshwater species of 
non-camaenid, non marine molluscs have been recorded 
from the surveyed islands. Because most of these islands 
had never been previously surveyed, most observations 
reported here are first records. Some extra records from 
the additional collection sites mentioned in the materials 
and methods chapter are also listed. Sampling at these 
additional sites was not conducted with the same level of 
effort as that expended at the island sites. Consequently, 
these anecdotal records are not considered comparable 
to the island sampling, and are not discussed further in 
regard to the faunal patterns on islands of the Kimberley 
coast. 

The most comprehensive survey of the land snail 
fauna of the Kimberley had been undertaken as a part 
of the Kimberley Rainforest Survey in 1987 (Solem 
1991a; Solem and McKenzie 1991). During this survey, 
which was conducted to document faunal patterns 
across rainforest patches in the Kimberley, 22 species 
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of terrestrial non-camaenid snails were found. Five 
of these species, Elasmias manilense (Dohrn, 1863), 
E. terrestris (Brazier, 1876), Glyptopupoides egregia 
(Hedley & Musson, 1892), Succinea sp., Liardetia 
scandens (Cox, 1872), were not recorded during the 
present Kimberley Island Survey. In turn, the new 
assimineid species, not recorded previously, has been 
found on one of the islands. Hence, according to 
current knowledge, the islands support at least 77% 
of the land snail fauna of the entire Kimberley. It has 
been shown that for the Kimberley in general, the local 
species richness of terrestrial gastropod assemblages 
is significantly correlated with habitat attributes, such 
as rainfall, temperature and substrate (Solem 1991). Of 
these, rainfall is the most significant factor influencing 
the patterns in the non-camaenid gastropods (Solem and 
McKenzie 1991; Gibson and Kohler 2012). 

In accordance with the faunal patterns found across 
the Kimberley mainland, we observed a variation in 
species richness on the islands along a geographical 
gradient. On single islands between none and 15 (with 
an average of eight) species of non-camaenid land 
snails were found (Table 1). Four of the islands, Middle 
and Southwest Osborn Islands, Boongaree Island and 
Coronation Island, support at least 13 species of non- 
camaenid land snails, which is equivalent to more than 
75% of all species recorded on the Kimberley islands, 
and to 60% or more of the species recorded from the 
entire Kimberley region. Thus, in terms of faunal 
representativeness of the Kimberley islands compared 
to the mainland fauna, it appears that relatively few 
islands harbour a significant proportion of the overall 
species diversity of non-camaenid land snails. Islands 
that support large numbers of species (>11) are generally 
situated within the high rainfall area that is delimited 
by the annual 1,000 mm isohyet as shown by McKenzie 
(1991, Figure 1). In turn, islands that support very low 
numbers of species (<4) are predominantly situated in 
areas that receive less annual rainfall (between 800 
and 1,000 mm). The only notable exception to this rule 
is Byam Martin Island where only four species were 
found although the island is situated within an area that 
receives more than 1,200 mm of annual precipitation. 
However, as sampling on this island was not completed 
due to logistical problems, the low number of species 
could be attributed to incomplete sampling rather than a 
real paucity of species. 

Overall the patterns of species richness on the islands 
seem to follow the same trajectories found on the 
mainland, with annual rainfall being the most important 
factor; for a detailed analysis of distributions refer to 
Kohler and Gibson (2012) 

In contrast to terrestrial snails, the fauna of freshwater 
snails in the Kimberley has never been comprehensively 
surveyed. Thus, our understanding of the faunal patterns 
of freshwater molluscs in the Kimberley is incomplete. 
Even though the fauna is certainly depauperate, the 
Kimberley and the immediately adjacent regions of 
north Western Australia do support some endemic 


Abbreviations: PW - Pleuropoma walkeri ; AN - Assimineid n. gen., n. sp.; PO - Pupisoma orcula ; PC - Pupisoma circumlitum; NM - Nesopupa mooreana ; 
GP - Gastrocopta pediculus ; GS - Gastrocopta stupefaciens) GM - Gastrocopta macdonnelli ; GK - Gastrocopta kessner'r, PP - Pupoides pacificus ; 

AM - Amimopina macleayi ; El - Eremopeas interioris ; DA - Discocharopa aperta ; SC - Stenopylis coarctata ; CM - Coneuplecta microconus ; 

WL - Westracystis lissus ; WM - Wilhelminaia mathildae. 
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species, such as Bayardella johni. However, only four 
islands, Wargul Wargul, Southwest Osborn, Bigge 
and Coronation Islands, have permanent freshwater 
bodies. More importantly, rivers which are significant 
freshwater habitats, are absent. Therefore, it is not 
surprising that only four freshwater species were 
recorded and that larger, predominantly riverine groups, 
such as hyriid bivalves and thiarid gastropods, are 
entirely absent. 
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ABSTRACT -The endemic Christmas Island blue-tailed skink (Cryptoblepharus egeriae) is in serious 
decline and only one known population remains on Christmas Island, despite it being widespread and 
common up until the 1990s. Here, we examine the relationship between occupancy, detectability, 
and several key environmental predictors and describe a passive observation survey protocol for the 
species that incorporates detection probabilities. By incorporating several covariates on detection and 
occupancy that we, a priori, considered to be important, we found C. egeriae was more likely to be 
found in habitat with an intermediate canopy cover. Detection probability using our survey protocol 
(0.28 with 95% Cl: 0.17 to 0.43) was weakly but positively related to survey hour (10:00 to 14:00 local 
time), indicating afternoons were a better time to survey. Based upon a value of 0.28, we predict that 
four to five survey visits over a reasonably short period of time (~ one month) will sufficiently minimise 
the likelihood of recording a false absence for the species. 


KEYWORDS: Christmas Island, blue-tailed skink, Cryptoblepharus egeriae, survey protocol, 
occupancy, detection 


INTRODUCTION 

Christmas Island (Figure 1) is situated in the Indian 
Ocean approximately 360 km south of the western 
head of Java, Indonesia (Claussen 2005). The island 
is around 135 km 2 and table-topped with a central 
plateau (Claussen 2005). The area between the central 
plateau and the coastline comprises a series of steep 
limestone cliffs, terraces, and slopes (Claussen 2005) 
that are difficult to traverse. Most of the island is either 
National Park (c. 63% of the land area) or mine lease 
(approximately 25% of the island has been mined for 
phosphate) which create a mosaic of different habitats 
that range from deep soiled, intact forests with little to 
no understorey (O’Dowd and Lake 1990; O’Dowd and 
Lake 1991; Green 1997) through to mined and denuded 
pinnacle fields in different stages of vegetation succession. 

The blue-tailed skink Cryptoblepharus egeriae 
(Boulenger, 1889) is an Indian Ocean Christmas Island 
endemic (Cogger et al. 1983). Despite being abundant 
in the early 1980s (Cogger et al. 1983), the species is 
now in serious decline with the last known population 
occurring on the southwestern end of the island (Egeria 
Point; Figure 1). To date, the causes of the declines are 
not fully understood, but the introduction of predators 
such as the yellow crazy ant ( Anoplolepis gracilipes 


Smith, 1857), giant centipede (Scolopendra subspinipes 
Leach, 1815), and Asian wolf snake ( Lycodon capucinus 
Boie, 1827) are likely to have played a major role 
(unpublished data). 

Declines in C. egeriae were first reported in the early 
1990s as the skink was thought to be disappearing from 
the islands’ settled area (north-eastern end of the island). 
This pattern of decline was confirmed by Cogger and 
Sadlier (1999). By early 2009, the species was only 
known to occur in the north-western and south-western 
tips of the island and by mid 2009 the only known 
population occurred on the south western tip of the 
island (unpublished data). Although there have been a 
number of surveys for C. egeriae since the 1980s, there 
is need for a consistent island-wide survey effort with a 
rigorous survey protocol. Additionally, Christmas Island 
National Park, in conjunction with Taronga Zoo, have 
undertaken a captive breeding program for C. egeriae 
with the ultimate goal of reintroduction into the wild. A 
basic requirement of any reintroduction program is an 
ability to not only assess success through an appropriate 
and quantifiable survey protocol, but to also ensure that 
the species was not present prior to reintroduction. 

There has not been any attempt to devise an 
appropriate and consistent survey protocol for C. 
egeriae that incorporates imperfect detection (cf. 
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FIGURE 1 Christmas Island showing Egeria Point, the study area (black rectangle), 25 m contours (grey lines), roads 
(black lines), and the main settled area on the island (Settlement). Projection is UTM Zone 48 south 
(WGS84). 


Royle and Dorazio 2008). Given the extent of declines 
in C. egeriae, developing a survey protocol that is 
optimal within the con fin es of the various limitations 
(both resources and physical conditions that are a 
feature of Christmas Island) is of critical importance if 
undiscovered populations are to be detected and given 
the possibility of future reintroduction efforts. One 
survey technique that has been commonly used for C. 
egeriae is to wait quietly in an area for a period of time 
(typically around 10 minutes) and count the number 
of individuals. We view this as a reasonable starting 
point for a species-specific survey protocol. Further, 
Christmas Island National Park (CINP) conducts a 
biennial island wide survey (IWS) for Gecarcoidea 
natalis Pocock, 1888 (red crabs) and A. gracilipes at 
around 900 points across the entire island. Incorporating 
surveys for C. egeriae into the IWS may help to provide 
a baseline data set for the management and conservation 
of the species. 

Here, we outline and assess a survey protocol for 
C. egeriae that accounts for detectability and relates 
both occupancy and detectability to several potentially 
important environmental variables (cf. Royle and 
Dorazio 2008). 

MATERIALS AND METHODS 

Using GRASS (6.3.0; Neteler and Mitasova 2008) we 
positioned a 500 m x 150 m grid consisting of 5 m x 5 
m cells over an area of known occupancy by C. egeriae 
(Figure 1). Forty randomly chosen grid cells were then 


selected as survey sites for the skink (Figure 2). Each 
survey site was visited on three occasions between 12 
and 27 March 2009 and consisted of a circle with a 5 
m radius centred on the centre of the 5 m x 5 m grid. 
The surveys were not conducted on rainy days; however 
there was the occasional brief rainy period during some 
surveys. On each visit, each site was surveyed for 10 
minutes with two people facing in opposite directions so 
that they each quietly surveyed a non-overlapping 180° 
field of view. 

THE COVARIATES 

In the past, surveyors have focused their survey effort 
in areas that met a preconceived notion that the lizards 
frequented forested areas with disturbed canopy and 
large fallen logs. With this in mind, we included two 
occupancy covariates, an estimate of the proportion 
of each study site covered by dead logs (or fallen trees 
that were not necessarily dead) that were greater than 
5 cm in diameter and the proportion canopy cover. 
We did not include live standing trees. The entire 
study area consists of forests dominated by species 
such as Barringtonia racemosa, Scaevola taccada and 
Pandanus christmatensis. The proportion of canopy 
cover was calculated as the mean estimate of the 
proportion of the study site bathed in sunlight across 
the three visits. This produced an adequate estimate of 
canopy cover as all sites had estimates made during the 
middle of the day when the sun was at its highest. On 
each visit, the two surveyors agreed on the proportion 
of the site (circle with 5 m radius) bathed in sunlight and 
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FIGURE 2 Distribution of the study sites at Egeria Point. Open circles indicate sites where Cryptoblepharus egeriae 
was not detected on any survey and solid circles indicate sites where C. egeriae was detected. 


the proportion covered by logs >5 cm in diameter. 

On each visit, we recorded the proportion of each 
10 minute survey time that each site received direct 
sunlight (sunlight, for example, varied with cloud cover) 
and included this estimate as a covariate on detectability. 
We also recorded the start time of each survey, which 
ranged from 10:00 to 14:00 local time. The detectability 
covariates were also included because we had a priori 
reason to think that they may influence detectability. 
Temperature was not included as it was not greatly 
variable (mean ± SD = 30°C ± 2°C), but did follow a 
typical circadian rhythm with highest temperatures 
reached between early and mid afternoon. 

STATISTICAL ANALYSIS 

We then generated statistical models to make 
inferences from repeated survey data regarding the 
underlying rate of occupancy, as well as the probability 
of detection at occupied sites (cf. Royle and Dorazio 
2008). As it could not be assumed that C. egeriae would 
be detected on each visit to each site, it was necessary 
to account for imperfect detectability in the statistical 
analysis of the data. Accordingly, we treated the sites 
as being drawn from one of two discrete categories: 
occupied, where on each survey the species will be 
detected with an unknown probability, p, or unoccupied, 
where the species will not be detected, as it is absent (cf. 
MacKenzie et al., 2006; Royle and Dorazio 2008). By 
carrying out three repeated surveys at the sample sites, 
we were able to make statistical inferences regarding 
the actual rate of occupancy, allowing for the fact that 
the species in question may not have been detected at 


some sites that were actually occupied. The basic form 
of the occupancy model, where all sites have a common 
probability of occupancy, and all surveys have a 
common probability of detecting the species at occupied 
sites, can be extended through a logistic regression to 
relate the effects of covariates on both the occupancy 
and detection probabilities associated with sites and 
surveys. 

We followed the Site-Occupancy Species Distribution 
Modelling approach outlined in Kery (2010) whereby 
we used a nonstandard generalized linear mixed model 
(GLMM) to model both occupancy (state model) and 
detection (observation model) using a hierarchical, 
coupled logistic regression (refer to Kery 2010 for a 
more detailed description of this modelling approach). 
The modelling was conducted within the freely-available 
Bayesian statistics package OpenBugs 2.2.0 which was 
run through R statistical software (R Development Core 
Team 2007) with the package BRugs. 

The detection model takes the general form of: 

logit(/7 ;;/ )=a 0 + a r Time in Sun.. + a 2 .Start Time... 

and the occupancy model: 

logit(i//.)=/? 0 + /? ] Logs. + p r Canopy Cover. + /? 3 .Canopy 
Cover.Canopy Cover.. 

where i and j indicate site and visit respectively. We 
suspected that occupancy may be lowest at high and 
low canopy cover levels and consequently included a 
quadratic term for canopy cover. 

Vague (uninformative) normally distributed (0, 
1.0E-3) priors were used for all model parameters and 
model sensitivity to priors was assessed by comparing 
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the normal model predictions with those from a model 
with uniform (-10,10) prior distributions (cf. Kery 2010). 
The covariates were standardised by subtracting the 
mean and dividing by the standard deviation prior to 
analysis to improve model fit. Model goodness-of-fit 
was assessed by calculating a Bayesian p-value that was 
based upon the posterior predictive distributions of the 
discrepancy measures (Kery 2010). Convergence of the 
MCMC algorithm was checked by examining the output 
of three replicate Markov chains with differing starting 
values, both by visual inspection of the outputs and 
by computing the Brooks-Gelman-Rubin convergence 
statistic. Final inferences were made by discarding the 
first 15,000 iterations and retaining the next 45,000 
iterations for further inference and thinning by 25 
iterations. 

Finally, we used the equation: 

P n =1-(1-^) n 

to determine the overall detection probability of the 
survey protocol relative to the number of visits, where 
p = estimated detection probability and N = number of 
visits. 

RESULTS 

Specimens of Cryptoblepharus egeriae were detected 
in 11 of the 40 randomly chosen study sites (Figure 2). 
The Bayesian p-value for the model was 0.33, indicating 
an adequate fit. We found support for several detection/ 
covariate or occupancy/covariate relationships (Table 1). 

Detection was positively related to time bathed in 
sunlight and survey start time. However, the 95% 
Credibility Intervals for time bathed in sunlight 
incorporated zero suggesting the relationship was not 
statistically defensible (Table 1). However, the 95% 
Credibility Intervals for start time only just crossed zero 
indicating more support for that relationship (Table 1) 



FIGURE 3 Predicted relationship between occupancy 
by Cryptoblepharus egeriae and proportion 
canopy cover. Solid line indicates posterior 
mean and dashed lines delineate 95% Cl. 

and suggests that lizards may be more detectable when 
the sites are surveyed later in the day (up until 14:00 
Eastern Standard Time). The mean detectability estimate 
was 0.28 (95% Credibility Interval: 0.17 to 0.43). 

Occupancy related positively and strongly to canopy 
cover and strongly and negatively to its quadratic term 
(95% Credibility Intervals did not cross zero; Table 
1). A positive main effect and negative quadratic term 
indicates that sites with intermediate canopy cover are 
favoured by the skinks. Our data suggests that sites with 
canopy covers from around 30% to 60% were preferred 
(Figure 3). We found no evidence that the presence of 
logs in the survey area related to occupancy. 

Taking into account the environmental predictors and 
the detection probability of the survey protocol, our 
modelling predicted that around 20 (95% Credibility 
Interval: 16 to 25) sites were actually occupied. Based 
upon a detection probability of 0.28, we estimate that it 
would take four to five visits to a site over a short period 


TABLE 1 Posterior parameter estimates for occupancy (op) and detection (p). Sun = proportion of each 10-minute 
survey period that the site was bathed in sunlight, Start = survey start time, Log = proportion of survey 
area covered in dead logs > 5 cm in diameter, Canopy = proportion canopy cover, Canopy A 2 = quadratic 
canopy cover term. 



mean 

sd 

0.025 

0.25 

0.5 

0.75 

0.975 

Occupancy 

Intercept 

11.47 

3.35 

4.84 

9.25 

11.39 

13.74 

18.14 

Log 

-2.26 

2.52 

-7.83 

-3.70 

-2.06 

-0.58 

2.30 

Canopy cover 

15.77 

3.19 

8.18 

13.85 

16.45 

18.34 

19.84 

Canopy A 2 

-13.38 

4.28 

-19.58 

-16.70 

-13.83 

-10.68 

-4.19 

Detection 

Intercept 

-1.35 

0.39 

-2.15 

-1.60 

-1.33 

-1.09 

-0.61 

Sun 

0.69 

0.53 

-0.29 

0.33 

0.66 

1.01 

1.83 

Start 

0.67 

0.36 

-0.01 

0.42 

0.66 

0.90 

1.39 
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of time (e.g. within one month) to be around 70% to 80% 
confident of true absence. 

DISCUSSION 

The decline in the distribution of the Christmas Island 
endemic skink Cryptoblepharus egeriae appears to be 
wide-ranging. However, Christmas Island features large 
areas of rugged landscapes that are difficult to access 
(Hicks et al. 1990) and accordingly, the possibility 
cannot be discounted that undiscovered populations still 
exist on the island. Consequently, an appropriate and 
quantifiable survey protocol is essential. Additionally, 
an appropriate survey protocol is a basic requisite to 
assess the success of any reintroduction attempts from 
captive bred stock, which are proposed for the island. 
Our results suggest that the passive survey technique 
outlined in this study is appropriate as long as four 
to five repeat surveys are conducted on sunny days 
within a short time period (~ one month) to sufficiently 
minimise the probability of recording a false absence. 

In the study area, we also found that C. egeriae 
were more likely to occupy sites with an intermediate 
canopy cover. These conditions presumably provide 
a combination of sun and shade that best meets 
the specific ecological requirements of the species. 
Consequently, future surveys should attempt to 
incorporate areas with moderate canopy cover, typically 
ranging from around 30% to 60%. Even though there 
has been a preconception that C. egeriae prefer habitats 
with dead logs, we were unable to substantiate that 
claim. In the randomly chosen sites, C. egeriae were just 
as likely to occupy habitats with few to no large logs. 
However, fallen trees can reduce canopy cover which 
may then create habitat with a moderate canopy cover 
that is more likely to be occupied by the species. 

We believe that the geographical isolation of Egeria 
Point is an important consideration in the declines. The 
area that the skinks occupied at the time of the study is 
at least a 1.5 to 2.0 km walk across difficult habitat from 
the nearest road. Appropriately surveying other isolated 
habitats on the island will be an important step in trying 
to locate new populations. Using the survey technique 
outlined here should provide a means of quantifying the 
species distribution and likelihood of occupancy. 
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ABSTRACT -An update of taxonomic, distribution and conservation information for the freshwater 
crayfish Engaewa pseudoreducta Horwitz and Adams is presented. Engaewa pseudoreducta is 
formally listed as Critically Endangered by the state of Western Australia and under Australian national 
legislature, and informally in a recently completed international (IUCN Red List) global assessment 
of freshwater crayfish. Engaewa pseudoreducta was first described on the basis of morphological 
characters of a small number of individuals from a single site, however the type locality was known 
to no longer support a population at the time of description and only one other nearby population was 
known prior to this study. This paper records two further populations and presents the first genetic 
analysis of the species. DNA sequence data support the recognition of E. pseudoreducta as a species 
and despite the discovery of additional populations there appears no reason to lessen the conservation 
concern surrounding the species, particularly in light of continuing development in the area. 


KEYWORDS: Engaewa, conservation, molecular systematics, freshwater crayfish, 16S, 
south-western Australia 


INTRODUCTION 

The first scientific collections of obligate burrowing 
freshwater crayfish in south-western Australia were 
made in the late 1950s and, following subsequent 
collections in the early part of the next decade, Riek 
(1967) described three species, each from a single 
locality, and placed them within a new genus Engaewa 
Riek, 1967. As part of wide scale revisions of species in 
the freshwater crayfish family Parastacidae in Australia 
throughout the 1980s and 1990s (e.g. Austin 1986, 1996; 
Morgan 1986, 1988, 1997; Horwitz 1990; Horwitz, 
Adams and Baverstock 1990; Zeidler and Adams 
1990; Austin and Knott 1996), Horwitz and Adams 
(2000) reviewed the status of the genus Engaewa. 
In doing so they described an additional two species 
( E . pseudoreducta Horwitz and Adams, 2000 and E. 
walpolea Horwitz and Adams, 2000) and proposed 
the first realistic species boundaries, after Riek (1967) 
initially suggested species boundaries of the three 
original species ( E . reducta Riek, 1967, E. similis 
Riek, 1967 and E. subcoerulea Riek, 1967) based on 
collections from only four localities. 

Horwitz and Adams (2000) recorded the occurrence of 
41 populations across all five species ( E . pseudoreducta 
- 1; E. reducta - 5; E. similis - 19; E. subcoerulea - 


12; E. walpolea - 4) (based on their distribution map). 
All species in the genus show narrow geographical 
distributions with E. pseudoreducta being the 
quintessential example - its entire known range prior 
to this study constituted significantly less than 3 km 2 . 
The species was originally described from a collection 
made in 1985 in a clay-based wetland at the headwaters 
of a stream, some 15 km ENE of Margaret River. 
This site became the type locality for the species, 
but has subsequently been converted to a farm dam. 
The local catchment was converted to a blue gum 
(Eucalyptus globulus ) plantation. Concern for Engaewa 
pseudoreducta was raised by Horwitz and Adams (2000) 
since it could no longer be found at the type locality 
following the modification of habitat and had only 
been found at one other site in the next drainage line 
to the west. Engaewa pseudoreducta was subsequently 
gazetted on Schedule 1 (Fauna that is rare or is likely 
to become extinct) (Wildlife Conservation (Specially 
Protected Fauna) Notice 2006), under the Western 
Australian Wildlife Conservation Act 1950, on the 
criteria that it had very restricted areas of occurrence 
and occupancy, with extreme fluctuations in area, extent 
and/or quality of habitat, and number of locations or 
subpopulations. 

Recovery planning by the State’s Department of 
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FIGURE 1 Location of important populations for this study (showing known E. pseudoreducta population (star), a 
new population at Payne Rd (cross), and Clade A population (triangle). Also shown are the approximated 
distribution polygons for E. reducta (northern) and E. similis (southern) as considered by Riek (1967) 
and Horwitz and Adams (2000). The search area for this study encompassed suitable habitat between 
Dunsborough and Lake Jasper. 


Environment and Conservation commenced in 2007 
for this species (and two others in the genus listed 
as threatened), during which time nominations were 
prepared for federal recognition and in 2009 the 
species was gazetted as Critically Endangered under 
the Commonwealth of Australia’s EPBC Act (1999). 
Recovery operations also included an extensive survey of 
the geographical range of the genus by the lead author, in 
the hope that additional populations of E. pseudoreducta 
could be found, and to determine the genetic variability 
between this species and others in the genus, for any 
populations found. This paper presents the findings of 
these investigations and discusses their significance in 
view of the conservation status of the species. 

MATERIALS AND METHODS 

As Engaewa spend virtually their entire life below 
ground, one immediate challenge is to confirm their 
presence at a site. In order to direct collection efforts, in 
the first instance potential habitat was identified using 
a combination of maps and satellite imagery, looking 
for small creeks or potentially larger swamp systems 


that possessed a significant canopy of native vegetation. 
This approach created a list of potential habitat sites 
that required ground-truthing. Areas that appeared to 
be suitable from maps and imagery were often not so 
once visited and vice versa, hence the only reliable way 
to assess an area was to visit it. As such, virtually every 
accessible creek, drainage line, swamp or seepage with 
some degree of native vegetation remaining within the 
search area was examined. 

An important corollary here is that non-detection of 
Engaewa at a particular site cannot be taken as definitive 
evidence of its absence (i.e. a false negative), which 
is true of all presence-absence records (MacKenzie 
2005). However, significant limitations to the likelihood 
of detection notwithstanding intense survey effort 
are especially pertinent for Engaewa, and of great 
importance for a critically endangered species such as 
E. pseudoreducta. Notable impediments to detection of 
Engaewa are the species’ cryptic, burrowing nature, the 
difficulty seeing and accessing burrows in often dense 
vegetation and gaining access (by road) to potential sites 
during the wet season when the animals are most active 
and the soil is suitable for digging. 
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For Engaewa pseudoreducta the search area was 
defined as being between Dunsborough and Lake Jasper, 
east of Augusta (Figure 1), a distance of approximately 
150 km following the coastline and extending 40 km 
inland. This is far beyond its known distribution and 
also encompasses the ranges of two other species 
considered, with E. pseudoreducta, to represent a 
species-complex in the genus (Horwitz and Adams 
2000). All areas of potentially suitable habitat occurring 
on Crown Lands were examined, as well as a number 
of sites located on private property throughout the 
assumed potential distribution of the species. On site, 
the presence of Engaewa species was indicated by the 
occurrence of ‘chimneys’ of pelleted soil at the entrance 
to a burrow system (Figure 2). These piles of soil are 
formed when material is expelled from the burrows dug 
by the crayfish. The individual pellets can be up to 1-2 
cm in diameter, though generally are much smaller, and 
the chimney can range from less than half a dozen small 
pellets surrounding a small hole to a conical shaped 
chimney up to 35 cm high and formed from tens or 
even hundreds of individual pellets. The soil forming 
the chimney may be distinctly pelleted or it may appear 
as a simple pile of soil, due to the effect of weathering. 
Where obvious chimneys were lacking, closer attention 
was paid to any patches of different coloured soil or 


even simple holes in the ground that may also signal 
the entrance to a burrow should the chimney have 
weathered away entirely. 

The presence of chimneys is not definitive evidence 
of inhabitation by Engaewa species because members 
of the freshwater crayfish genus Cherax also construct 
chimneys in particular soil types. An experienced 
surveyor, however, can usually recognise slight 
variations in the characteristics of the chimneys 
produced by these different crayfish. Engaewa chimneys 
are usually far more substantial and the pellets of soil 
much smaller. Cherax species typically dig short, 
straight tunnels and, as such, have small chimneys with 
much larger pellets due to their larger body size. Cherax 
chimneys also often form a miniature caldera, whereas 
Engaewa chimneys almost always appear conical. The 
diameter of the tunnel extending vertically from the 
chimney is also characteristic as Engaewa burrows 
are much smaller in diameter (approximately a ‘pinky’ 
finger in width) when compared to a Cherax burrow 
(often in the range of middle finger to thumb in width 
and, at times, larger). Once a potential Engaewa species 
burrow had been identified, it was excavated, and if 
crayfish belonging to the genus Engaewa were found, 
they were collected for morphological and molecular 
analyses. 



FIGURE 2 Two 'chimneys', formed by spherical pellets of soil, which indicate the entrance to an Engaewa burrow 
system. 
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Crayfish were initially identified according to the 
diagnostic morphological characters described by 
Horwitz and Adams (2000) (for E. pseudoreducta the 
most easily recognised diagnostic characters were the 
presence of patches of setae on the ventral surface 
of the merus, ventrally and distally on the carpus, 
laterally adjacent to cutting edges, and occasionally on 
the propodal palm as well). Genetic characterization 
was then undertaken to confirm or refute the species 
descriptions of Horwitz and Adams (2000). 

DNA was isolated using the DNeasy Blood and 
Tissue Kit (QIAGEN) from tail or gill tissue of ethanol 
preserved specimens. PCR was used to amplify part 
of the mitochondrial large rDNA (16S rDNA), using 
total genomic DNA as a template, and primers 1471 
(5-CCTGTTTANCAAAAACAT-3') and 1472 (5'- 
AGATAGAAACCAACCTGG-3') (Crandall, Lawler 
and Austin 1995; Crandall and Fitzpatrick 1996), 
and HotStarTaq Plus Master Mix (QIAGEN). The 
cycling conditions were an initial denaturing step 
(94°C for 5 min), 35 cycles of denaturing (94°C for 
30 sec), annealing (46°C for 30 sec) and extension 
(72°C for 45 sec), and a final extension step (72°C 
for 7 min). PCR products were sent to Macrogen Inc. 
(Seoul, South Korea) to be purified and sequenced 
automatically and directly using the ABI BigDye 
chemistry. Chromatograms were checked manually and 
edited by comparing the sequence derived from forward 
and reverse primers in FinchTV v.1.4 (http://www. 
geospiza.com/Products/finchtv.shtml). The consensus 
sequences were then aligned using MUSCLE (Edgar 
2004) as implemented in MEGA5 (Tamura et al. 2011). 

The phylogenetic relationships between specimens 
were inferred using Maximum Likelihood (ML) 
analyses, conducted in PhyML v2.4.4 (Guindon and 
Gascuel 2003) based on the best substitution model 
selected by jModeltest v3.7 (Posada 2008) under the 
Akaike Information Criterion (Akaike 1974) with 
support for nodes assessed by non-parametric bootstrap 
(Felsenstein 1985) with 1000 bootstrap replicates. 
The non-rooted bootstrap tree was visualised with 
Figtree v.1.3.1 (http://tree.bio.ed.ac.uk/software/figtree/). 
In order to further discuss species boundaries we 
calculated genetic distances within and between clades 
identified in this study and Engaeus Erichson, 1846 
using maximum composite likelihood in MEGA5 
(Tamura et al. 2011). Following Schultz et al. (2009) 
the genus Engaeus was viewed as two distinct clades, 
Engaeus sensu stricto and Engaeus lyelli. 

The appropriate conservation status of Engaewa 
pseudoreducta was assessed based on the current IUCN/ 
EPBC criteria. Areas of occurrence and occupancy for 
E. pseudoreducta were calculated by drawing polygons 
in Google Earth (version 6.0.1.2032 beta) and then the 
saved KML files were entered into the University of 
New Hampshire Cooperative Extension Tools web-based 
polygon program (http://extension.unh.edu/kmlTools/ 
index.cfm). 



FIGURE 3 Unrooted ML tree for 47 specimens 
of Engaewa constructed from 394 
basepairs of the 16S mtDNA, with 
boostrap support (1000 replicates) 
shown for the major branches in the tree. 
Clear molecular support for four clades 
identified by morphological characters 
(E. pseudoreducta (including the newly 
uncovered population at Payne Road), 

E. reducta, E. similis and Clade A) is 
evident from this tree. 


RESULTS 

Engaewa were collected from 26 sites throughout the 
study area and 47 specimens from these sites were analysed 
for this review. The specimens collected were deposited 
in the Western Australian Museum (Appendix 1). Based 
on the diagnostic morphological characters defined by 
Horwitz and Adams (2000), 22 specimens from 11 sites 
belong to E. similis, 17 specimens from 12 sites to E. 
reducta, one specimen belongs to E. pseudoreducta 
and two specimens (referred to as ‘Payne Road’) were 
morphologically consistent with the description of 
E. pseudoreducta, but occurred outside of its known 
distribution, while five specimens from a single locality 
had indeterminate character states (A full review of the 
genus is being prepared as part of the PhD thesis of the 
senior author.). The 47 new partial mitochondrial 16S 
rDNA nucleotide sequences were deposited on NCBI 
GenBank (accession numbers JQ613107 to 613153), 
whilst 23 Engaeus sequences from NCBI Genbank were 
included (19 Engaeus sensu stricto and 4 Engaeus lyelli ) 
(Appendix 1). 

The 16S analysis is presented as an unrooted ML 
tree showing that all specimens defined on the basis 
of their morphology also form monophyletic genetic 
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groups (Figure 3). Although not presented here, the 
same groupings are supported by other mitochondrial 
markers as well as nuclear markers - these data will be 
presented in the upcoming full review of the genus. The 
single specimen assumed to represent E. pseudoreducta 
and the specimens from ‘Payne Road’ are clearly 
divergent from all other species, are each others’ 
nearest relatives and form a distinct clade. A fourth 
clade (referred to herein as Clade A) is formed solely 
by the representatives alluded to above as showing 
indeterminate character states. 

With the exception of Clade A (representing a single 
population), each morphologically defined species 
shows at least two distinct genetic lineages within their 
respective clade (Figure 3). These genetic lineages 
correspond strongly to geographic partitioning of 
populations and are responsible for the relatively high 
genetic distances within these species (Table 1). This 
is particularly evident for the reducta and similis 
clades, which are relatively widespread (on the scale 
of Engaewa distribution), however, the significance 
of the relatively high genetic divergence between the 
two populations in the pseudoreducta clade (Figure 
3, Table 1) is difficult to interpret without additional 
samples, either from the populations in question or any 
other populations that may be genetically similar (if any 
exist). Nevertheless the few specimens collected from 
these two sites do conform closely to the morphological 
description of the species E. pseudoreducta presented by 
Horwitz and Adams (2000). 

Maximum composite likelihood genetic distances 
(Table 1) between Engaewa clades and Engaeus sensu 
stricto ranged from 0.294-0.324 and between Engaewa 
clades and Engaeus lyelli 0.369-0.396. In contrast, the 
distance between Engaeus sensu stricto and Engaeus 
lyelli was 0.279. The distances between Engaeus sensu 
stricto species ranged from 0.017-0.302 (data not shown) 


and those for Engaewa clades were in the middle of this 
range at 0.131-0.175. Within clade genetic distances 
were 0.172 for Engaeus sensu stricto, 0.035 for Engaeus 
lyelli and -0.065 for Engaewa with the exception of 
Engaewa Clade A, representing a single population with 
a value of 0.003. 

The IUCN Red List Categories and Criteria: Version 
3.1. (2001) states that “A taxon is Critically Endangered 
when the best available evidence indicates that it ... 
[is] considered to be facing an extremely high risk 
of extinction in the wild”. The geographic range of 
this species, both in terms of the extent of occurrence 
and area of occupancy (criteria B1 and B2), falls 
well within the criteria for the category of Critically 
Endangered (<100 km 2 and <10 km 2 respectively). 
Furthermore, to fully satisfy criterion B2 and thus 
be validly considered as Critically Endangered, the 
species in question must conform to at least two of 
three further requirements. Whilst E. pseudoreducta 
are no longer believed to exist at only a single location 
there is no doubt that the distribution of populations 
is severely fragmented (preventing a metapopulation 
scenario whereby migrants can replace any localised 
extinctions), thus satisfying criterion B2a, and the loss 
of the largest known population at the type locality 
satisfies criterion B2b (an observed decline of extent 
of occurrence, area of occupancy, area, extent and/or 
quality of habitat, number of locations or subpopulations 
and number of mature individuals). The degree to 
which the natural environment has been altered since 
European colonization, and the resulting severe habitat 
fragmentation, can be easily inferred from the image in 
Figure 1. It can be reasonably argued that all of these can 
be ‘inferred or projected’ based on past and on-going 
anthropogenic impacts in the area, particularly when 
combined with suggested impacts of future climate 
change for the region (Horwitz et al. 2008). 


TABLE 1 Composite maximum likelihood genetic distances (16S). Values on the diagonal (bold) represent the 
distances within species (standard errors < 0.02), those below the diagonal are distances between clades 
and those above the diagonal (italicised) are the associated standard errors. 


N 

Clade 


[1] 

[2] 

[3] 

[4] 

[5] 

[6] 

3 

Engaewa pseudoreducta 

[1] 

0.065 

0.024 

0.027 

0.026 

0.046 

0.067 

17 

Engaewa reducta 

[2] 

0.175 

0.065 

0.025 

0.026 

0.051 

0.068 

22 

Engaewa similis 

[3] 

0.153 

0.161 

0.068 

0.022 

0.047 

0.067 

5 

Engaewa Clade A 

[4] 

0.156 

0.164 

0.131 

0.003 

0.046 

0.067 

19 

Engaeus sensu stricto 

[5] 

0.312 

0.324 

0.304 

0.294 

0.172 

0.045 

4 

Engaeus lyelli 

[6] 

0.386 

0.396 

0.387 

0.369 

0.279 

0.035 
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TABLE 2 Locality and collection details for all known specimens of E. pseudoreducta. 


Locality 

Year collection 
made 

Specimens 

collected 

Site description and notes 

“... near Osmington, 
north-east of Margaret 
River” 1 

1985 

5 adults 

5 juveniles 

“... burrows around a recently constructed farm dam, in the 
middle of a swamp with remnant vegetation consisting of tall 
ti-trees and some eucalypts; the soil in the area was a yellow- 
light brown silty sandy clay; in undisturbed parts of the small 
swamp, burrows ramified laterally just below the surface, and 
water was found in pools at the surface in August 1985. This 
site has undergone substantial change since then.” 1 

Treeton Reserve Site 1 

2003 

1 juvenile 

Burrows excavated in broad section of a densely-vegetated 
creek line, with high water levels, in November. 

Treeton Reserve Site 2 

2007 

1 adult 

“.. .found in the heavy clay soils of narrow valleys in and 
adjoining Treeton reserve. The burrows found during this 
study were identified by small piles of slightly different 
coloured soil. This soil is likely to have represented washed 
down chimneys as there had been significant rainfall and the 
burrows were within a small creek line. As the water table 
was so high at the time of collecting this species the burrow 
systems were not fully explored though they appeared to 
branch laterally at a shallow depth as well as possessing 
tunnels proceeding deeper.” 2 

Payne Rd 

2007 

2 adults 

Burrows indicated by partially weathered sandy chimneys. 
Crayfish dug out of coarse sand in a broad, flat area with 
sluggish and intertwined shallow draining channels with the 
water table just below ground level. 


1 From Horwitz and Adams (2000). 2 From Burnham et al. (2007). 


DISCUSSION 

Our findings suggest that Engaewa pseudoreducta 
should be recognised as a valid species on the basis of 
morphological and molecular (DNA sequence) data. In 
fact, morphological characters and DNA sequence data 
support the recognition of all three current species of 
Engaewa (E. pseudoreducta, E. similis and E. reducta) 
within the northern part of the range of the genus 
(roughly bounded by the region searched in this study) 
and suggest that an additional species (Clade A) should 
be recognised (species descriptions for this candidate 
species and another from the southern part of Engaewa’s 
range are currently being undertaken by the lead author). 
Prior to this study it had been recognised that a specific 
site within the study region contained “errant specimens 
[that] warrant closer examination” (Horwitz and Adams 
2000, p. 677) and Clade A corresponds to the population 
referred to in that publication. 

A comparison within and between the Engaewa 
species included in this study and a number of species 
from the closely related genus Engaeus (considered as 
two distinct clades Engaeus sensu stricto and Engaeus 
lyelli following Schultz et al., 2009) is made using 16S 


genetic distances. The pairwise distances between 
Engaewa, Engaeus sensu stricto and Engaeus lyelli are 
similar and support the presence of three clades, with 
Engaeus sensu stricto and Engaeus lyelli more similar to 
each other than either to Engaewa. The genetic distances 
within Engaewa clades had low variation (except Clade 
A which is from a single population and shows low 
diversity) and the distances between Engaewa clades are 
in the middle of the range for Engaeus sensu stricto. The 
genetic distances therefore support the current Engaewa 
molecular species groupings and morphological species 
descriptions, whilst also indicating the presence of an 
additional, undescribed species {Clade A). 

Considering the conservation concern regarding 
Engaewa pseudoreducta, the dearth of specimens/ 
populations to study and the lack of diagnostic 
morphological characters to distinguish between E. 
pseudoreducta specimens from the one drainage line 
which includes the type locality, and the specimen 
at Payne Road, it seems prudent to treat them as 
representatives of a single species until such time as the 
treatment of further specimens and/or other analyses can 
be undertaken. The genetic divergence between these 
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two samples hints at the possibility that interpopulation 
mtDNA diversity is extremely high for E. pseudoreducta 
(and the forthcoming review of the genus suggests that 
this is generally true for Engaewa as a whole); thus, 
making these existing populations even more significant 
from a conservation viewpoint. We therefore suggest 
that the currently acknowledged geographic range of 
E. pseudoreducta should include the drainage system 
from which the original description was made and 
be extended to include the population at Payne Road, 
some 16 km north (details of the sites from which E. 
pseudoreducta have been collected are presented in 
Table 2). We also note the presence of both E. similis 
and E. reducta at several sites very close to the drainage 
lines inhabited by E. pseudoreducta, though they have 
never been found in sympatry. 

Including the population at Payne Road increases 
E. pseudoreducta' s known range twenty-fold, to a 
region of about 60 km 2 . However, this figure somewhat 
misrepresents the distribution of the species; once 
unsuitable habitat is removed, the potential area of 
occupancy is probably less than 2.5 km 2 and the actual 
area of occupancy may well be significantly less again. 
Additional sampling should continue in the region in 
the hope of closing the geographic gap between the E. 
pseudoreducta populations. As noted above, Engaewa 
are highly cryptic due to their small size and almost 
exclusively subterranean existence, which makes the 
task of confirming their absence from potential habitat 
difficult. While we are confident that we have searched 
extensively, it is not impossible that one or more 
isolated, small populations remain undetected in this 
fragmented landscape. 

The conservation status of Critically Endangered 
assigned to E. pseudoreducta under the EPBC Act can 
be re-examined using the data presented in this paper 
(and indeed this has been done for a recent review of the 
conservation status of all freshwater crayfish conducted 
for the IUCN Red List). The discovery of additional 
populations potentially bodes well for the survival of 
the species as a whole, although an increase from one 
to three populations is obviously not a reason to reduce 
concern, particularly as downstream habitat alteration 
has isolated all populations into small pockets of suitable 
habitat. 

The inland aquatic biodiversity of south-western 
Australia, particularly in the coastal margins, is facing 
significant and increasing survival pressure due to 
large-scale human endeavours (Horwitz et al. 2008). 
Agriculture, urbanization, groundwater extraction 
and mining have all altered the natural character of 
the region. These changes increase the vulnerabilities 
of a species such as E. pseudoreducta, which appears 
to possess low dispersal ability, is wedded to highly 
restricted and disjunct habitat, and persists in only a few 
isolated populations. Based on our data we conclude that 
the conservation status of E. pseudoreducta (Critically 


Endangered) should remain unchanged. 
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APPENDIX 1 Specimens used in this study and their GenBank accession numbers. All Engaewa sequences 
generated by the authors, whilst all Engaeus sequences were obtained from NCBI Genbank. 


Taxon 


Sample Identification 


GenBank Accession No. 


Engaewa pseudoreducta 

WAM C49511 

JQ613110 

Engaewa pseudoreducta 

WAM C49512 

JQ613111 

Engaewa pseudoreducta 

WAM C49513 

JQ613118 

Engaewa reducta 

WAM C49514 

JQ613152 

Engaewa reducta 

WAM C49516 

JQ613153 

Engaewa reducta 

WAM C49517 

JQ613117 

Engaewa reducta 

WAM C49520 

JQ613148 

Engaewa reducta 

WAM C49521 

JQ613149 

Engaewa reducta 

WAM C49524 

JQ613150 

Engaewa reducta 

WAM C49525 

JQ613128 

Engaewa reducta 

WAM C49535 

JQ613130 

Engaewa reducta 

WAM C49537 

JQ613131 

Engaewa reducta 

WAM C49542 

JQ613125 

Engaewa reducta 

WAM C49543 

JQ613145 

Engaewa reducta 

WAM C49545 

JQ613127 

Engaewa reducta 

WAM C49547 

JQ613129 

Engaewa reducta 

WAM C49548 

JQ613132 

Engaewa reducta 

WAM C49549 

JQ613136 

Engaewa reducta 

WAM C49555 

JQ613109 

Engaewa reducta 

WAM C49558 

JQ613123 

Engaewa similis 

WAM C49560 

JQ613146 

Engaewa similis 

WAM C49561 

JQ613147 

Engaewa similis 

WAM C49562 

JQ613112 

Engaewa similis 

WAM C49565 

JQ613119 

Engaewa similis 

WAM C49566 

JQ613120 

Engaewa similis 

WAM C49567 

JQ613121 

Engaewa similis 

WAM C49568 

JQ613133 

Engaewa similis 

WAM C49570 

JQ613134 

Engaewa similis 

WAM C49571 

JQ613108 

Engaewa similis 

WAM C49573 

JQ613126 

Engaewa similis 

WAM C49575 

JQ613135 

Engaewa similis 

WAM C49577 

JQ613137 

Engaewa similis 

WAM C49578 

JQ613138 

Engaewa similis 

WAM C49579 

JQ613139 

Engaewa similis 

WAM C49580 

JQ613140 

Engaewa similis 

WAM C49581 

JQ613141 

Engaewa similis 

WAM C49582 

JQ613142 
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Taxon 

Sample Identification 

GenBank Accession No. 

Engaewa similis 

WAM C49583 

JQ613114 

Engaewa similis 

WAM C49586 

JQ613115 

Engaewa similis 

WAM C49587 

JQ613116 

Engaewa similis 

WAM C49588 

JQ613122 

Engaewa similis 

WAM C49589 

JQ613124 

Engaewa Clade A 

WAM C49676 

JQ613144 

Engaewa Clade A 

WAM C49677 

JQ613151 

Engaewa Clade A 

WAM C49678 

JQ613107 

Engaewa Clade A 

WAM C49679 

JQ613113 

Engaeus cisternarius 

Voucher Museum Victoria J45407 

EF493110 

Engaeus disjuncticus 

Voucher Museum Victoria J45405 

EF493102 

Engaeus fossor 

Voucher Museum Victoria J45510 

EF493103 

Engaeus fultoni 

Voucher AIR2.1 

EF493042 

Engaeus hemicirratulus 

Voucher Museum Victoria J14750 

EF493104 

Engaeus karnanga 

Voucher Museum Victoria J45692 

EF493105 

Engaeus laevis 

Voucher LEL1.1 

EF493088 

Engaeus lyelli 

Voucher ENF1.2 

EF493073 

Engaeus lyelli 

Voucher Museum Victoria J14710 

EF493107 

Engaeus lyelli 

Museum Victoria J14711 

EF493108 

Engaeus lyelli 

Voucher NRN2.1 

EF493121 

Engaeus mairener 

Voucher Museum Victoria J45680 

EF493109 

Engaeus mallacoota 

Voucher Museum Victoria J14713 

EF493096 

Engaeus martigener 

Voucher Museum Victoria J45432 

EF493111 

Engaeus merosetosus 

Voucher WPC2.1 

EF493153 

Engaeus nulloporius 

Voucher Museum Victoria J4106 

EF493112 

Engaeus orientalis 

Voucher Museum Victoria J14725 

EF493113 

Engaeus phyllocercus 

Voucher Aus. Museum P67188 

EF493041 

Engaeus sericatus 

Voucher PEN1.4 

EF493125 

Engaeus spinicaudatus 

Voucher Museum Victoria J45696 

EF493114 

Engaeus strictifrons 
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ABSTRACT -A new species of Synsphyronus, S. christopherdarwini, is described from Charles 
Darwin Reserve, Western Australia. The species occurs on several granite outcrops where they 
congregate under exfoliating pieces of granite. 


KEYWORDS: taxonomy, morphology, Arachnida, conservation, short-range endemics 


INTRODUCTION 

The arachnid order Pseudoscorpiones is a cosmopolitan 
group of small arthropods found in a variety of terrestrial 
habits. There are 26 Recent families currently recognized, 
including over 3,400 species in 447 genera (Harvey 
2011b). The Australian fauna is diverse with 21 families 
(Harvey 2011b) represented by numerous undescribed 
species (Yeates et al. 2004; Harvey, unpublished data). 
The family Garypidae contains 10 genera and 79 named 
species (Harvey 2011b). The two largest genera are 
Garypus L. Koch, 1873 (25 species) and Synsphyronus 
Chamberlin, 1930 (30 species). Species of Garypus occur 
in littoral zones in many tropical and temperate regions of 
the world, including northern Australia (Hoff 1947), and 
named species of Synsphyronus have been recorded from 
Australia and New Zealand (Harvey 1987, 2011a, 2011b). 
Many additional unnamed species of Synsphyronus 
are also known from Australia (Harvey, unpublished 
data), and a new species has been found on the Pacific 
island of New Caledonia (Harvey 1996). The remaining 
genera include Anagarypus Chamberlin, 1930 with 
three species from coastal habitats in the Indian Ocean 
and northern Australia (Chamberlin 1930; Muchmore 
1982; Harvey 2011b), and seven genera restricted to 
Africa and/or Madagascar: Ammogarypus Beier, 1962 
(3 species), Elattogarypus Beier, 1964 (3 species), 
Eremogarypus Beier, 1955 (4 species), Meiogarypus 
Beier, 1955 (1 species), Neogarypus Vachon, 1937 (1 
species), Paragarypus Vachon, 1937 (1 species) and 


Thaumastogarypus Beier, 1947 (8 species) (Harvey 
2011b). 

This paper reports the discovery of a previously 
undescribed species of Synsphyronus recently collected 
from Charles Darwin Reserve in the mid-west region 
of Western Australia that appears to be restricted to the 
granite outcrops within the reserve. 

MATERIAL AND METHODS 

The material utilized in the present study is lodged 
in the Western Australian Museum, Perth (WAM). 
Terminology and mensuration largely follow Chamberlin 
(1931), with the exception of the nomenclature of the 
pedipalps, legs and with some minor modifications to 
the terminology of the trichobothria (Harvey 1992) and 
chelicera (Judson 2007). 

The specimens were examined by preparing 
temporary slide mounts by immersing the specimen in 
75% lactic acid or in oil of cloves at room temperature 
for several days, and mounting them on microscope 
slides with 10 or 12 mm coverslips supported by 
small sections of 0.25 mm or 0.50 mm diameter nylon 
fishing line. They were examined with a Leica MZ16 
dissecting microscope and a Leica DM2500 compound 
microscope, and illustrated with the aid of a drawing 
tube. Measurements were taken at the highest possible 
magnification using an ocular graticule. After study 
the specimen was returned to 75% ethanol with the 
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FIGURE 1 Map of south-western Australia showing known distribution of Synsphyronus christopherdarwini sp. nov. 



FIGURE 2 Granite outcrop near Robins Dam, Charles Darwin Reserve, type locality of Synsphyronus christopherdarwini 
sp. nov. 
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dissected portions placed in 12 x 3 mm glass genitalia 
microvials (BioQuip Products, Inc.). 

Family Garypidae Simon, 1879 

Genus Synsphyronus Chamberlin, 1930 

Synsphyronus Chamberlin 1930: 616. 

Maorigarypus Chamberlin 1930: 617 (synonymised by 
Chamberlin 1943: 488). 

Idiogarypus Chamberlin 1943: 499 (synonymised by 
Morris 1948: 37). 

TYPE SPECIES 

Synsphyronus : Synsphyronus paradoxus Chamberlin 
1930, by original designation. 

Maorigarypus : Maorigarypus melanochelatus 
Chamberlin 1930, by original designation. 

Idiogarypus : Garypus hansenii With 1908, by original 
designation. 

Synsphyronus christopherdarwini sp. nov. 

Figures 1,3-10 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: <$, Charles Darwin 
Reserve, granite outcrop near Robins Dam, 29°41'06"S, 
116°54'13"E, 4 May 2009, under granite rocks, M.S. 
Harvey, D. Russell, S. Glasson, C. Darwin (WAM 
T97806). 

Paratypes 

Australia: Western Australia: 5 S, collected with 
holotype (WAM Til 1379); 1 ^ collected with holotype 
(WAM Til 1380); 8 $, collected with holotype (WAM 
Til 1381); 1 tritonymph, collected with holotype (WAM 
Til 1382). 

Other material 

Australia: Western Australia: 2 2 $, collected 

with holotype (WAM T97807); 5 8 $, collected 

with holotype (WAM T97805, 100% ethanol); 5 & 
4 5, 1 tritonymph, Charles Darwin Reserve, granite 
outcrop near St. Joseph Well, 29°40’40"S, 117°01'28"E, 
8 May 2009, under granite rocks, M.S. Harvey, B. 
Barnett, C. Hodge, C. Richard (WAM T97716, 100% 
ethanol); 1 <f, same data (WAM T97784); 13 S, 
same data (WAM T110824); 7 f* same data (WAM 
T111376); 3 tritonymphs, same data (WAM T111377); 1 
deutonymph, same data (WAM Til 1378); 1 5, Charles 
Darwin Reserve, 4.8 km E. of White Wells, 29°34’55"S, 
117°00'46"E, 4 May 2009, under black light, bucket trap, 
D. Britton (WAM T97832). 


DIAGNOSIS 

Synsphyronus christopherdarwini possesses separate 
metatarsi and tarsi, and a trichobothrial pattern of eight 
on the fixed chelal finger and three on the movable 
finger. It differs from other members of the genus 
sharing these features by the following combination of 



FIGURE 3 Synsphyronus christopherdarwini sp. nov., 
holotype male (WAM T97806), dorsal view. 



FIGURE 4 Synsphyronus christopherdarwini sp. nov., 
holotype male (WAM T97806), carapace, dorsal 
view. 
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FIGURE 5 Synsphyronus christopherdarwinl sp. nov., holotype male (WAMT97806), unless stated otherwise: 5, left eye 
group; 6, carapace; 7, right pedipalp, dorsal view; 8, left chela, lateral view; 9, left chelal fingers, lateral view, 
paratype tritonymph (WAM Til 1382); 10, left chelal fingers, lateral view, deutonymph (WAM Til 1378). Scale 
lines = 0.5 mm (Figures 6, 7), 0.2 mm (Figures 5, 8-10). 
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characters: anterior eye slightly constricted laterally, 
trichobothrium st much closer to sb than to t, and chela 
(with pedicel) 1.82-1.93 0 ), 1.73-2.10 (?) mm in length. 
Synsphyronus christopherdarwini keys to couplet 15, 
sharing a distinctly pedicellate pedipalpal femur with 
S. attiguus Harvey, 1987, from which it differs in its 
slightly larger size and [e.g. S. absitus, pedipalpal chela 
(with pedicel) 1.43-1.66 0 ), 1.63-1.81 mm (?) in length] 
and more slender pedipalpal chela [S. absitus, 3.43-4.38 
0 ), 3.58-3.64 (5) x longer than broad]. 

DESCRIPTION 

Adults 

Colour of sclerotized portions generally dark yellow- 
brown; tergites II-X with paired darker patches; 
anterior and lateral regions of carapace dark, median 
and posterior areas pale yellow-brown. Waxy epicuticle. 
Setae generally aligned perpendicularly from body, each 
seta quadricarinate. Most cuticular surfaces roughened, 
but not granulate. 

Chelicera : with 5 setae on hand and 1 subdistal seta 
on movable finger, all setae acuminate; setae sbs and bs 
shorter than others; 2 dorsal lyrifissures and 1 ventral 
lyrifissure; galea of $ and $ unbranched; rallum of 3 
blades, the most distal blade with several serrations on 
leading edge, other blades smooth; serrula exterior with 
19 0 , 5 ) blades; lamina exterior present. 

Pedipalp (Figure 7): trochanter 1.43 0 ), 1.30 ( 5 ), 
femur 3.83-4.19 0 ), 3.75-4.42 (?), patella 2.76-2.92 
0 ), 2.74-3.14 ($), chela (with pedicel) 4.04-4.33 0 ), 
3.77-4.23 (?), chela (without pedicel) 3.89-4.13 0 ), 
3.64-3.96 (?), hand 2.08-2.28 0 ), 1.89-2.19 (?) x longer 
than broad, movable finger 0.86-1.02 0 ), 0.83-1.02 ($) x 
longer than hand. Fixed chelal finger with 8 trichobothria, 
movable chelal finger with 3 trichobothria (Figure 
8): eb, esb and isb situated basally in straight row, est 
submedially, et subdistally, ib and ist basally in diagonal 
row, and it subdistally, well posterior to et\ t situated 
subdistally, st situated much closer to sb than to t; patch 
of microsetae present on external margin of fixed chelal 
finger near et. Venom apparatus present in both chelal 
fingers, venom ducts long, terminating in nodus ramosus 
midway between et and tip of finger in fixed finger and 
distal to t in movable finger. Chelal teeth retrorse and 
acute distally, becoming rounded basally; fixed finger 
with ca. 59 0 ), 55 ($) teeth; movable finger with c. 50 
0 ), 48 (5) teeth; accessory teeth absent. 

Carapace (Figure 6): 0.84-0.90 0 ), 0.79-0.86 (?) 
x longer than broad; anterior margin slightly indented 
medially; subtriangular; with 2 pairs of rounded 
corneate eyes (Figure 5) situated ca. one-third carapace 
length from anterior margin; anterior eye slightly 
constricted laterally; with ca. 29 0 , $) setae, including 

2 near anterior margin and 6 near posterior margin; with 
numerous lyrifissures; without furrows. 

Coxal region : manducatory process rounded, with 

3 apical acuminate setae; medial maxillary lyrifissure 
situated submedially; chaetotaxy of coxae I-IV: cj, 3: 4: 7: 


7; ?, 5: 6: 7: 13. 

Legs : junction between femora and patellae I and II 
slightly oblique to long axis; junction between femora 
and patellae III and IV very angulate; femora III and IV 
much smaller than patellae III and IV; femur + patella of 
leg IV 3.88 0 ), 4.13 ($) x longer than broad; metatarsi 
and tarsi not fused and without tactile seta; subterminal 
tarsal setae arcuate and acute; arolium much longer than 
claws, not divided. 

Abdomen : tergites I-XI with median suture line in 
anterior half of each tergite (Figure 1); sternites V-X with 
medial suture line in anterior half of each sternite. Tergal 
chaetotaxy: S 6: 8: 10: 11: 9: 9: 10: 12: 10: 9: 4: 1; $ 6: 
6: 9: 11: 11: 12: 11: 14: 12: 10: 6: 2; uniseriate; all setae 
quadricarinate. Sternal chaetotaxy: $ 9: (0) 5 [4+2] (0): 
(0) 6 (0): 4: 6: 9: 10: 10: 9: 4: 2; $ 7: (0) 7 (0): (0) 7 (0): 4: 
9: 10: 12: 12: 10: 9: 2; uniseriate; all setae quadricarinate 
except for setae on sternites II-IV and medial setae on 
sternites V-IX, which are acuminate. Spiracles without 
helix. Anal plates (tergite XII and sternite XII) situated 
within sternite XI, surrounded by slightly raised rim. 
Pleural membrane wrinkled-plicate; without any setae. 

Genitalia : male: lateral apodeme laterally extended 
and distally broadened; anterior apodeme acute; 
a pair of acute dorsal apodemes; lateral rod very 
broad ventrally and with a blunt, anterior projection; 
ejaculatory canal atrium large and cup-shaped. Female: 
with one pair of lateral cribriform plates and 2 pairs of 
median cribriform plates. 

Dimensions: Male: holotype (WAM T97806) followed 
by five other males (where applicable): Body length 
3.45 (3.37-3.84). Pedipalps: trochanter 0.560/0.392, 
femur 1.270/0.360 (1.242-1.391/0.300-0.332), patella 
1.025/0.360 (0.955-1.078/0.336-0.450), chela (with 
pedicel) 1.854/0.428 (1.820-1.925/0.437-0.450), chela 
(without pedicel) 1.760 (1.743-1.856), hand length 0.971 
(0.905-1.024), movable finger length 0.900 (0.851- 
0.922). Chelicera 0.338/0.163, movable finger length 
0.193. Carapace 1.052/1.245 (1.018-1.120/1.160-1.240); 
eye diameter, anterior 0.050, posterior 0.074. Leg I: 
femur 0.261/0.183, patella 0.360/0.198, tibia 0.399/0.122, 
metatarsus 0.190/0.090, tarsus 0.170/0.082. Leg IV: 
femur + patella 0.970/0.250, tibia 0.611/0.149, metatarsus 
0.232/0.108, tarsus 0.195/0.092. 

Female: paratype (WAM T11380) followed by 
eight other females (where applicable): Body length 
4.00 (4.31). Pedipalps: trochanter 0.570/0.438, femur 
1.380/0.312 (1.150-1.415/0.293-0.362), patella 
1.048/0.361 (0.900-1.104/0.327-0.400), chela (with 
pedicel) 2.000/0.478 (1.732-2.103/0.459-0.530), chela 
(without pedicel) 1.876 (1.674-2.025), hand length 1.040 
(0.869-1.110), movable finger length 0.908 (0.889- 
1.022). Chelicera 0.357/0.185, movable finger length 
0.233. Carapace 1.140/1.414 (1.098-1.227/1.280-1.474); 
eye diameter, anterior 0.040, posterior 0.069. Leg I: 
femur 0.320/0.163, patella 0.398/0.190, tibia 0.455/0.123, 
metatarsus 0.230/0.088, tarsus 0.171/0.080. Leg IV: 
femur + patella 1.032/0.250, tibia 0.696/0.141, metatarsus 
0.275/0.109, tarsus 0.215/0.096. 
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Tritonymph 

Colour mostly as for adults, but generally paler. 

Chelicera: with 5 setae on hand and 1 on movable 
finger; galea unbranched. 

Pedipalp : trochanter 1.36, femur 3.93, patella 2.64, 
chela (with pedicel) 3.73, chela (without pedicel) 3.57, 
hand (without pedicel) 1.87 times longer than broad, 
and movable finger 0.99 times longer than hand (without 
pedicel). Fixed chelal finger with 7 trichobothria, 
movable chelal finger with 2 trichobothria (Figure 9): 
eb, ist and ib situated basally; est situated medially; et 
distally; it subdistally; t subdistally. 

Carapace : 0.91 times longer than broad; with 2 
pairs of corneate eyes, anterior pair slightly constricted, 
posterior pair rounded; with 2 setae near anterior margin 
and 4 near posterior margin; without furrows. 

Legs : much as in adults except metatarsi and tarsi 
fused. 

Abdomerv. tergal chaetotaxy: 6: 6: 6: 8: 9: 9: 9: 10: 10: 
10: 4: 2. Sternal chaetotaxy: 0: (0) 3 (0): (0) 3 (0): 5: 4: 7: 
7: 8: 8: 6: 2. 

Dimensions (mm): paratype (WAM Til 1382): Body 
length 3.1. Pedipalps: trochanter 0.452/0.332, femur 
0.946/0.241, patella 0.727/0.275, chela (with pedicel) 
1.436/0.385, chela (without pedicel) 1.374, hand 
length 0.720, movable finger length 0.723. Carapace 
0.875/0.960. 

Deutonymph 

Colour generally as for tritonymphs, but paler. 

Chelicera : with 5 setae on hand and 1 on movable 
finger; galea unbranched. 

Pedipalp : trochanter 1.20, femur 3.28, patella 2.22, 
chela (with pedicel) 3.34, chela (without pedicel) 3.28, 
hand (without pedicel) 1.71 times longer than broad, and 
movable finger 1.04 times longer than hand (without 
pedicel). Fixed chelal finger with 6 trichobothria, 
movable chelal finger with 2 trichobothria (Figure 10): 
eb, ist situated basally; est situated medially; et distally; 
it subdistally; sb basally; t submedially. 

Carapace : 0.95 times longer than broad; with 2 
pairs of corneate eyes, anterior pair slightly constricted, 
posterior pair rounded; with 2 near anterior margin and 4 
near posterior margin; without furrows. 

Legs : much as in adults except metatarsi and tarsi 
completely fused. 

Abdomen : tergal chaetotaxy: 4: 4: 4: 6: 6: 6: 6: 6: 6: 6: 
4: 2. Sternal chaetotaxy: not determined (specimen in 
poor condition). 

Dimensions (mm): (WAM Til 1378): Body length 2.5. 
Pedipalps: trochanter 0.318/0.265, femur 0.682/0.208, 
patella 0.510/0.230, chela (with pedicel) 1.140/0.331, 
chela (without pedicel) 1.086, hand length 0.565, 
movable finger length 0.590. Carapace 0.711/0.750. 

ETYMOLOGY 

This species is named for Christopher Darwin whose 


generosity has secured the Charles Darwin Reserve as 
a permanent biological refuge, and who assisted in the 
collection of the type specimens. 

REMARKS 

Synsphyronus christopherdarwini has been found at 
two granite outcrops within Charles Darwin Reserve in 
Western Australia (Figures 1, 2) where they congregate 
under exfoliating granite slabs. A third granite outcrop 
on the reserve was searched thoroughly in May 2009, 
but no Synsphyronus specimens were located. A female 
specimen was also taken in a bucket trap underneath 
a black light (UV) 4.8 km E. of White Wells Station, 
situated within the Reserve. It is highly likely that 
this specimen was attached to a flying insect that was 
attracted to the light, and may suggest the capacity 
for dispersal. Sampling of numerous other habitats, 
including leaf litter, under tree bark (several species of 
eucalypt trees) and in soil, within the Reserve in May 
2009 failed to yield specimens of S. christopherdarwini, 
suggesting that it is an obligate granite inhabitant like 
many other species of Synsphyronus (Harvey 1987, 
2011a). Detailed surveys of Mount Gibson, some 30 
km east-north-east of Charles Darwin Reserve, in 2005 
failed to locate this species of Synsphyronus, although 
S. mimulus Chamberlin, 1943 was found at several 
locations. These data suggest that S. christopherdarwini 
may represent a short-range endemic species (Harvey 
2002; Harvey et al. 2011) which may be restricted to 
Charles Darwin Reserve. 
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ABSTRACT -A new species of the brachinine genus Pheropsophus Solier is described from far 
northern and north-western Australia: P wirtdjanae sp. nov. The new species which previously was not 
discriminated from P verticalis (Dejean) is distinguished from that species by short and wide, posteriad 
considerably widened elytra, more cordiform pronotum, almost completely black base of the head, 
absence of a distinct yellow apical elytral margin, narrower aedeagus the apex of which is slightly 
sinuate on the left side, and the narrow, parallel-sided sulcus on the lower surface of the aedeagus. A 
revised key to the Australian species of the genus Pheropsophus is provided. 


KEYWORDS: taxonomy, morphology, beetle 


INTRODUCTION 

Giachino (2003) published a revision of the Australian 
species of the brachinine genus Pheropsophus Solier, 
1833 and examined and identified in this paper a large 
number of specimens that I had collected during several 
collecting trips in various parts of Australia. Apart from 
a few species described as new in Giachino’s paper, 
the bulk of the material was identified as P. verticalis 
(Dejean, 1825) which is the most widely distributed 
and most common species of the genus Pheropsophus 
in Australia. However, in northern tropical Australia, 
in particular in the far north of the Northern Territory 
and of Western Australia, this common species occurs 
sympatrically and at several localities also syntopically 
with one or another of the new species described by 
Giachino. 

Giachino (2003) stressed that P. verticalis is quite 
variable in body size, body shape, and colouration, 
and indeed, at least colouration of elytra, pronotum, 
and head varies considerably. In particular southern 
specimens generally seem to be more vividly coloured 
than the northern ones. However, body shape is far less 
varied and the elytra usually are rather parallel-sided 
and elongate as in most other Australian species except 
P. darwini Giachino, 2003. This was confirmed by 
me during the examination of many specimens from 
throughout Australia. 

While sorting and introducing some specimens into 
my working collection many of which were identified by 
Giachino as P. verticalis some years ago, I recognized 
that several specimens from far northern Western 
Australia and Northern Territory possess perceptibly 


shorter and wider, posteriad considerably widened 
elytra, have a more cordiform prothorax, and differ in 
the colouration of the head and elytra. Dissection of 
the male genitalia of several specimens from a number 
of northern localities which possess the mentioned 
character states, and of a number of specimens of 
P. verticalis from various parts of Australia, now 
revealed also differences in the shape and structure of 
the aedeagus. Therefore, they corroborate the opinion 
that the mentioned specimens belong to a new, hitherto 
undescribed species which is described herein. 

METHODS 

This study employed methods standardly used in 
carabid research. The genitalia were removed from 
specimens which had been relaxed overnight in a jar 
under moist atmosphere, then cleaned for between 10 to 
20 minutes in hot 10% KOH, according to the degree of 
sclerotization of the aedeagus. The habitus photographs 
were obtained with a digital camera using ProgRes 
CapturePro 2.6 and AutoMontage and subsequently 
prepared with Corel Photo Paint X4. 

Measurements were taken using a stereo microscope 
with an ocular micrometer. Length has been measured 
from apex of labrum to apex of elytra. Length of 
pronotum was measured along midline. Length of the 
elytra was measured from the most advanced part of the 
humerus to the very apex. 

The holotype of the new species will be stored in 
Western Australian Museum, Perth (WAM), paratypes 
are shared with that collection, Museum and Art 
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Gallery of the Northern Territory, Darwin (MAGNT), 
Queensland Museum, Brisbane (QM), Australian 
Museum, Sydney (AM), Museum Victoria, Melbourne 
(NMV), Australian National Insect Collection, Canberra 
(ANIC), and the working collection of the author in 
Zoologische Staatssammlung, Miinchen (CBM). 

SYTEMATICS 

Family Carabidae Latreille, 1802 
Subfamily Brachininae Bonelli, 1810 
Genus Pheropsophus Solier, 1833 

Pheropsophus Solier, 1833: 461; Giachino 2003: 29. See 

Giachino (2003) for additional references. 

TYPE SPECIES 

Brachinus madagascariensis Dejean, 1831, by original 
designation. 

REMARKS 

The genus Pheropsophus in the widest sense (Lorenz 
2005) is distributed in all continents, but is by far most 
common in the Old and New World Tropics. At present 
about 130 species and a quite large number of subspecies 
are known (Lorenz 2005). 

Six species of the genus are currently recorded 
from Australia (Giachino 2003), but only P. verticalis 
has been recorded from southern parts of mainland 
Australia, whereas most species occur in far northern 
parts of Northern Territory and Western Australia. 
From my experience, all Australian species live on the 
sandy, clayish, or muddy banks of rivers, lakes, and 
billabongs, in the south and south-west even on the shore 
of salt lakes, and they often aggregate in large numbers. 
At some localities, two or even three species occur 
together in mixed populations, without our knowing 
whether and in which way they may differ in habits and 
in their ecological requirements. The Australian species 
of Pheropsophus are strictly nocturnal beetles which 
during the daytime hide in earth cracks, in grass, under 
debris, and under stones. Commonly they occur together 
with species of the genus Chlaenius Bonelli, 1810 and 
with certain species of Odacanthini, e.g. of the genera 
Porocara Sloane, 1917, Dicraspeda Chaudoir, 1862, 
and Eudalia Castelnau, 1867. Pheropsophus species are 
said to feed on mole crickets and their eggs (Frank et al. 
2009), but they also may eat other crickets, other small 
insects, and worms. 

Pheropsophus windjanae sp. nov. 

Figures 2-4 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: <$, Windjana Gorge 


National Park, Lennard River, 17°24.72’S, 124°56.53’E, 
103 m, 21-22 November 2007, M. Baehr (WA69) (WAM 
Entomology No. 82961). 

Para types 

Australia: Western Australia: 17 S, 14 ^ same 
data as holotype (1 S, 1 $ AM; 1 S, 1 $ ANIC; 12 
& 9 ? CBM; 1 4 1 $ NMV; 1 & 1 $ QM; 1 S, 1 $ 
WAM); 1 S, 2 9, Windjana Gorge, 150 km E. of Derby, 
23 November 1984, M. and B. Baehr [Pheropsophus 
verticalis (Dejean) P.M. Giachino det. 2001] (CBM); 
9 8, 3 9, Willare, Fitzroy River, 17-18 June 1995, M. 
Baehr (WA95/29) [Pheropsophus verticalis (Dejean) 
P.M. Giachino det. 2001] (7 <J, 1 9 CBM; 2^,2$ 
WAM); 3 S, 4 9, Ord River, 135 km n. Halls Creek, 
15 November 1984, M. and B. Baehr [Pheropsophus 
verticalis (Dejean) P.M. Giachino det. 2001] (CBM); 
2 d>, 2 9, Mary River, 115 km W. of Halls Creek, 17 
November 1984, M. Baehr (WA84/28) [Pheropsophus 
verticalis (Dejean) P.M. Giachino det. 2001] (CBM); 
1 S, Fitzroy Crossing, 18-20 November 1984, M. and 
B. Baehr (CBM); Northern Territory: 3 S, 6 Mary 
River, 110 km E. of Darwin, 1 November 1984, M. 
and B. Baehr [Pheropsophus verticalis (Dejean) P.M. 
Giachino det. 2001] (2 & 5 9 CBM; 1 S, 1 $ MAGNT). 

ETYMOLOGY 

The name refers to the locality where most specimens 
were collected, Windjana Gorge at the southern margin 
of the Kimberley, northern Western Australia. 

DIAGNOSIS 

A median sized species, distinguished from most 
similar P. verticalis by the short and posteriorly 
widened elytra, cordiform pronotum with rather deep 
prebasal excision of the lateral margins, absence of a 
distinct yellow apical margin of the elytra, black base 
of the head, and rather narrow, on the left side slightly 
sinuate apex of the aedegus with narrow, parallel 
median sulcus on the lower surface. 

DESCRIPTION 

Measurements : length: 10.2-13.4 mm; width: 4.4-5.5 
mm. Ratio length/width of pronotum: 0.90-0.93; ratio 
length/width of elytra: 1.33-1.43. 

Colour (Figure 4): head pale reddish; either whole 
base of head black, or only black in middle of posterior 
margin. Pronotum variously coloured from almost 
completely black to largely reddish with only base and 
apex black. Elytra black, without a pale humeral spot, 
with a large, irregular pale reddish spot in middle which 
usually reaches the 3rd interval; apex black with only 
fine, short, longitudinal reddish lines. Mouthparts, 
antennae, and legs pale reddish, base of tibiae with tiny 
black spots. Lower surface largely reddish, in dark- 
coloured specimens with some parts of prosternum, 
proepisternum, mesepimeron and abdomen dark, 
in light-coloured specimens almost the whole lower 
surface reddish; epipleura of elytra always reddish. 

Head (Figure 3): slightly narrower than pronotum. 
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FIGURES 1,2 Aedeagus, lower surface. 1, Pheropsophus verticalis (Dejean); 2, R windjanae, sp. nov. Scale bars = 1 mm. 





FIGURE 3 Pheropsophus windjanae sp. nov., head and 
pronotum. 


FIGU RE 4 Pheropsophus windjanae sp. nov., habitus of a 
male paratype specimen from Windjana Gorge. 
Body length: 11.8 mm. 
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Eye large, laterally moderately protruded. Base of head 
wide. Labrum anteriorly almost straight, with 6 setae. 
Mandibles rather short, apically sharply incurved, 
with a long seta on scrobe. Mentum with triangular, 
unidentate tooth. Glossa bisetose, paraglossae elongate, 
membraneous, slightly surpassing the glossa, setose 
at tip. Lacinia densely setose. Maxillary palpus short 
and stout, sparsely setose except terminal palpomere 
which is glabrous, slightly widened, and transverse at 
apex. Labial palpus short and stout, terminal palpomere 
widened and transverse at apex, outer surface sparsely 
setose. Antenna stout but elongate, surpassing base 
of pronotum by almost four antennomeres. Median 
antennomeres about 1.8 x as long as wide. Whole 
antenna densely pilose. Dorsal surface finely strigose 
mediad of the eyes, in anterior half very finely and 
superficially punctate, neck very coarsely and densely 
punctate-rugose. Microreticulation extremely fine, 
isodiametric, slightly superficial. Neck laterally with 
fairly elongate, erect hairs. Surface moderately glossy. 

Prothorax (Figure 3): large and rather wide, wider 
than long, markedly cordiform. Apex wide, straight 
to slightly concave, anterior angles rounded off. Sides 
regularly convex, concave in basal sixth. Basal angles 
rectangular, slightly obtuse at tip. Base comparatively 
narrow, almost straight. Lateral margin slightly raised, 
narrow, marginal channel very narrow. Apex and 
base without margin. Disk gently convex. Median 
line in middle slightly more impressed than anteriorly 
and posteriorly, neither reaching apex nor base. No 
transverse sulci present. Basal grooves barely indicated. 
Lateral margin with a single elongate seta situated 
slightly behind middle. Surface with few very coarse 
punctures and more or less distinct, finer punctures, 
with scattered, moderately elongate, erect hairs. 
Microreticulation extremely fine, slightly superficial, 
composed of more or less isodiametric meshes that are 
arranged in irregularly directed rows. 

Elytra (Figure 4): short and wide, lateral margins 
slightly though evenly convex, distinctly widened 
towards the apical fourth. Humeri shortly rounded. 
Apex very slightly oblique-convex. Disk with 8 carinae. 
All interspaces of similar width. Carinae narrow, 
rather glossy, very finely punctate, with extremely fine, 
rather superficial, isodiametric microreticulation, and 
with a sparse row of erect hairs. Interspaces between 
the carinae wide, depressed, densely strigose, and 
with extremely fine, but distinct microreticulation, 
markedly opaque. 2nd interspace near 3rd carina with 
3-4 longer, erect setae. Marginal pores and setae very 
numerous, setae of different length. Apex of elytra with 
a hyaline margin and a dense fringe of hairs. Elytra free, 
metathoracic wings fully developed. 

Lower surface : prosternum with sparse, elongate erect 
hairs; mesosternum and metasternum with dense, less 


erect setosity, abdominal sterna with dense, decumbent 
pilosity. Apical margins of the abdominal tergites with 
a fringe of stiff, moderately elongate hairs. Sternum 
VII in male with 4, in female with 6-8 elongate setae. 
Metepisternum elongate, c. 2.5 x as long as wide at 
apex. 

Legs : tibiae densely spinose and setose, tarsi setose 
on upper surface. 1st - 3rd tarsomeres of male protarsus 
with loose, biseriate squamosity. 

Male genitalia (Figure 2): rather short, curved, 
comparatively narrow. Apex of aedeagus triangular, 
though slightly sinuate on the left side (when seen from 
below). Median sulcus on lower surface very narrow. 
Internal sac with several elongate folds, some of which 
are slightly sclerotized at their margins. Left and right 
parameres odd-shaped as in other species. Genital ring 
wide and short, much alike those of the other species. 

Female genitalia : gonocoxite 2 very narrow and 
elongate. 

Variation. Some variation of body size (10-13.5 mm) 
and of relative width and length of pronotum and elytra 
noted. Also colour of pronotum is variable, from almost 
uniformly black to mostly red. In almost all specimens 
from Windjana Gorge the head base is completely black, 
in the specimens from Mary River in Northern Territory 
the black colour usually reaches the basal margin of the 
head only in the middle. 

COLLECTING CIRCUMSTANCES 

Most specimens were sampled in pitfall traps placed 
on sandy banks or in the sandy bed of large rivers, near 
the waters edge or around pools. A few specimens also 
were caught by hand under cover on sandy river banks. 

DISTRIBUTION 

This species is known from northern Western 
Australia at the southern and eastern margin of the 
Kimberley Division, and the northern part of Northern 
Territory east of Darwin. 

RELATIONSHIPS 

In colouration this species is most similar to P. 
verticalis (Dejean), but in the shape of the elytra it is 
quite unique within the Australian species, except for P. 
darwini Giachino 2003 which has comparable, apically 
widened elytra. 

REVISED KEY TO THE AUSTRALIAN SPECIES OF 


PHEROPSOPHUS 

1. Elytra with distinct light humeral spot.2 

Elytra without distinct humeral spot.3 


2. Body size usually larger, greater than 13.5 mm, 
rarely less; aedeagus large and elongate, apex 
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almost symmetric [see Giachino (2003), figures 4, 
10]. P. straneoi Giachino, 2003 

Body size usually smaller, less than 12.5 mm; 
aedeagus small and short, apex slightly excised 
on the right side (when seen from lower 
surface) [see Giachino (2003), figures 7, 13] 
. P. macleayi Sloane, 1895 

3. Elytra elongate, more or less parallel-sided [see 

Giachino (2003), figures 1, 15, 17].4 

Elytra short, apicad distinctly widened [Figure 4; 
Giachino (2003), figure 21].6 

4. Pronotum always completely black, and head without 

any black spot. P. gregoryi Giachino, 2003 

Pronotum commonly partly yellow, rarely completely 
black; head always with black spot.5 

5. Pronotum longer than wide; apex of aedeagus 

widely rounded [see Giachino (2003), figure 12] 
. P. alexandrae Giachino, 2003 

Pronotum as wide as long, or wider than long; 
apex of aedeagus obtusely triangular, with wide 
sulcus in middle of lower surface (Figure 1) 
. P. verticalis (Dejean, 1825) 

6. Black spot of head not in contact to pronotum; apex 

of elytra with distinct yellow margin; yellow 
spots of pronotum encircled by black colour 
[see Giachino (2003), figure 21]; pronotum 
narrower, as long as wide, laterally near base 
more elongately sinuate; elytra narrower, 
towards base much more narrowed [see Giachino 
(2003), figure 21]; apex of aedeagus regularly 
triangular [see Giachino (2003), figure 14] 
. P. darwini Giachino, 2003 

Black spot of head always in contact to pronotum, 
often the whole base of the head black; apex of 
elytra without distinct yellow margin; yellow spots 
of pronotum, if present, not encircled by black 
colour (Figure 4); pronotum wider than long, near 
base with distinct but shorter sinuation (Figure 3); 
elytra much wider, towards base less narrowed 
(Figure 4); apex of aedeagus slightly excised at 
left side (when seen from lower surface), with 
narrow sulcus in middle of lower surface (Figure 
2). P. windjanae, sp. nov. 

CURRENT DISTRIBUTION OFTHE 
AUSTRALIAN PHEROPSOPHUS 

Pheropsophus alexandrae Giachino, 2003: northern 
parts of Northern Territory. 

Pheropsophus darwini Giachino, 2003: northern parts 


of Northern Territory. 

Pheropsophus gregoryi Giachino, 2003: north-western 
Northern Territory, northernmost Western Australia. 

Pheropsophus macleayi Sloane, 1895: northernmost 
Northern Territory and Western Australia, old 
unspecified records from New South Wales and Victoria 
very doubtful. 

Pheropsophus straneoi Giachino, 2003: tropical 
northern Australia, from northern Western Australia to 
northern Queensland, also in central Northern Territory. 

Pheropsophus verticalis (Dejean, 1825): almost the 
whole of mainland Australia. 

Pheropsophus windjanae, sp. nov.: northern parts of 
Northern Territory and of Western Australia 

REMARKS 

Although P. windjanae differs in the shape and 
colouration of the elytra from P. verticalis, most 
probably it is more closely related to that species than to 
any other species in Australia. Pheropsophus darwini, 
however, which has the elytra comparably distinctly 
widened apically, is quite different in colouration, shape 
of pronotum and elytra, and also in the shape of the 
aedeagus, from P. windjanae. 

Apart from these differences in body shape and 
colouration, males of P. windjanae and P. verticalis can 
be clearly distinguished by the form of the sulcus on 
the lower surface of the aedeagus, which is wide and 
somewhat triangular in P. verticalis and narrow and 
almost parallel-sided in P. windjanae. 

At several localities P. windjanae occurs 
sympatrically in mixed populations with P. verticalis. 
Both species have been sampled in the same pitfall 
trap, and differences in their ethology and ecology 
remain untested. Because in northern parts of Northern 
Territory P. windjanae may also occur sympatrically 
with P. darwini, and at several localities throughout 
northern Australia also P. verticalis and P. straneoi 
are sympatric and even syntopic in some places, the 
question of putative ecological differences are raised for 
most species of the genus. 
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ABSTRACT -A new species of fruit bat in the genus Thoopterus, T. suhaniahae, is described from 
Sulawesi, Talaud and Wowoni Islands in Indonesia. The new species differs from T. nigrescens in 
having larger cranial, dental, mandibular, external measurements, and a wider calcar. In addition, the 
tail of the new species is absent or reduced to a rudiment, a quarter to a half of the under face of 
the uropatagium is sparsely furred and the urethal aperture of the glans penis lacks a conspicuous 
scale-like projection. The new species is sympatric with T. nigrescens and is known from elevations of 
60-2,100 m above sea level. 


KEYWORDS: taxonomy, morphology, Thoopterus suhaniahae sp. nov. 


INTRODUCTION 

The fruit bat genus Thoopterus was proposed 
by Matschie (1899) as a subgenus of Cynopterus. 
Gray (1870) recognized nigrescens as a variety of 
Cynopterus marginatus (Geoffroy, 1810). Andersen 
(1912) recognized Thoopterus as a valid monotypic 
genus, based on the absence of a postorbital foramina, 
incisors complete, upper canine grooved, cheek teeth 
4/5, P 4 and M 1 broad, quadrate with large surface, tail 
reduced to a rudiment, membranes attached on the 
second toe, fur much longer compared to Cynopterus, 
and grooved upper canines without cingulum cusps. 

Thoopterus nigrescens has been recorded from 
Morotai in the North Moluccas (the type locality) 
and Sulawesi. Bergmans and Rozendaal (1988) and 
Suyanto et al. (1998) reported it occurring on the 
Sangihe Talaud Islands. Boeadi and Saim collected 
this species from Sula and Kabaena, Buton in 1991 
and 2002, and from Wowoni Islands in 2005 which 
were then deposited in the Museum Zoologicum 
Bogoriense (MZB). Bergmans and Rozendaal (1988) 
reported that specimens from South-West Sulawesi 
(Bantimurung and Malino) were larger than that from 
northern Sulawesi and may represent a new taxon. 
Thoopterus nigrescens has previously been reported 
from sea level up to 1,780 m (Bergmans and Rozendaal 
1988). During a 2000-2001 survey, however, we 
found T. nigrescens to be most common at even higher 
altitudes of Nokilalaki and Rorekatimbu-Lore Lindu 
National Park: 2,100 m and 2,200 m, respectively 


(Maryanto and Yani 2001). To clarify the taxonomic 
status of these populations, this paper provides a 
morphological description of these high elevation 
populations of Thoopterus from Sulawesi and adjacent 
islands. We found compelling evidence to describe 
these populations as a new species of Thoopterus, here 
named T. suhaniahae sp. nov. 

MATERIALS AND METHODS 

A total of 102 adult specimens of Thoopterus from 
Sulawesi, Buton, Sula, Talaud and Wowoni Islands 
were included in our morphometric analyses (see 
specimens examined and Figure 1). All cranial, dental, 
mandibular and external measurements are given in 
mm. Measurements used in this paper follow Kitchener 
et al. (1995) and Kitchener and Maharadatunkamsi 
(1991) and are as follows: 

Skull and dentition : greatest skull length (GSL), 
interorbital breadth (IO), zygomatic breadth (ZB), 
rostrum length (RL), mastoid breadth (MB), braincase 
height (HB), mesopterygoid fossa width (MSF), 
palatal length (LOP), bulla length (BL), postorbital 
width (POW), braincase width (BW), dentary length 
(DL), height of ramus at angular process (RAP), C^C 1 
breadth (outside), M^M 1 , M 2 -M 2 , P 3 -P 3 , P 4 -P 4 (alveoli, 
inside), C ! -M 2 (crown length), C -M (crown length), M 1 
crown length (M ! L), M 1 crown width (M ! W), M 2 crown 
length (M 2 L), M 2 crown width (M 2 W), P 3 crown length 
(P 3 L), P 3 crown width (P 3 W), P 4 crown length (P 4 L), P 4 
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crown width (P 4 W). 

External : forearm length (FA), head and body length 
(HBL), tail length (TAIL), ear length (EAR), tibia 
length (TIBIA), metacarpal 2 length (P2), metacarpal 
2 phalanx 1 length (P2_l), metacarpal 3 length (P3), 
metacarpal 3 phalanx 1 length (P3_l), digit 4 phalanx 
1 length (P4_l), metacarpal 5 length (P5), metacarpal 5 
phalanx 1 length (P5_l). Adults were identified as 
those specimens with basioccipital and basisphenoid 
bones completely fused and epiphyseal swelling of 
metacarpal joints absent. Sexual dimorphism in skull 
and external characters was analyzed by a 2-way 
ANOVA. We tested for sexual dimorphism and 
morphological characters using canonical discriminant 
function analyses (DFA) of Thoopterus groups. 
Multiple analysis of variance (MANOVA) was run 
separately for craniodental and external characters. 
Colour terminology follows Kornerup and Wanscher 
(1984). Specimens discussed here are deposited in the 
Natural History Museum, London (BMNH) and the 
Museum Zoologicum Bogoriense, Cibinong Bogor 
(MZB). 

RESULTS 

UNIVARIATE STATISTICS 
Skull, dentary, dentition 

Thoopterus suhaniahae sp. nov. males are larger 
in most dimensions than females; respective 
measurements for males and females are as follows: 


GSL 38.85 (37.21-40.55) v. 37.10 (35.82-38.28); ZB 
25.12 (23.76-26.35) v. 23.93 (22.10-25.23); HB 12.77 
(10.41-14.60) v. 12.78 (11.34-14.19); RL 9.54 (8.95- 
10.75) v. 9.20 (8.54-10.01); IO 8.71 (7.89-9.34) v. 8.24 
(7.51-8.58); C 1 -C 1 8.06 (7.57-8.58) v. 7.68 (7.23-7.83); 
POW 7.62 (7.17-8.26) v. 7.51 (7.20-7.91); LOP 19.60 
(18.37-20.92) v. 18.84 (18.10-20.03); MSF 4.59 (4.16- 
5.03) v. 4.64 (4.23-5.42); BL 3.03 (2.20-3.68) v. 3.00 
(2.42-3.53); RAP 15.32 (13.63-17.01) v. 14.11 (13.12— 
14.95); DL 29.33 (28.03-31.06) v. 27.67 (25.58-28.91) 
(Table 1). 

Cranial, dental, mandibular and external dimensions 
in T. suhaniahae sp. nov. are mostly larger than T. 
nigrescens. For example, measurements of female T. 
suhaniahae sp. nov. and T. nigrescens are respectively 
(mean, range in mm): GSL 37.10 (35.82-38.28) v. 34.29 
(33.06-35.62), RL 9.20 (8.54-10.01) v. 8.39 (7.57-9.14), 
ZB relatively wide 23.93 (22.1-25.23) v. 21.67 (20.02- 
23.31), HB 12.78 (11.34-14.19) v. 11.65 (11.14-12.04); 
for males, the equivalent comparisons are GSL 38.85 
(37.21-40.55) v. 35.33 (32.55-37.67), RL 9.54 (8.95- 
10.75) v. 8.65 (7.22-9.61), ZB 25.12 (23.76.1-26.35) v. 
22.125 (19.39-23.71), HB 12.77 (10.41-14.60) v. 11.81 
(10.88-12.50) (Table 1). 

External features 

In T. suhaniahae sp. nov., external measurements 
are larger in males than females, for example, HBL (in 
mm) 98.47 (89.35-109.67) v. 94.91 (86.02-101.11); ear 
length 17.79 (16.62-19.06) v. 17.64 (16.62-19.50); FA 
78.36 (74.42-81.77) v. 76.44 (73.03-78.47); Tibia 32.26 



FIGURE 1 Collection localities of Thoopterus spp. used in this study, T nigrescens (A) and T suhaniahae sp. nov. (★). 
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TABLE 1 Measurements (mm) for skull includes dentary, dental and external characters (see Material and Methods 
section for explanation of character codes) of adult Thoopterus spp. 

Standard 


$ Thoopterus nigrescens Mean deviation Minimum Maximum N 


GSL 

34.29 

0.69 

33.06 

35.62 

31 

ZB 

21.67 

0.73 

20.02 

23.31 

31 

HB 

11.66 

0.26 

11.14 

12.04 

31 

RL 

8.39 

0.37 

7.57 

9.14 

31 

10 

7.37 

0.31 

6.58 

7.99 

31 

C'-C 1 

6.76 

0.22 

6.3 

7.17 

31 

POW 

6.83 

0.28 

6.13 

7.33 

31 

LOP 

7.23 

0.5 

16.19 

18.05 

31 

MSF 

4.48 

0.18 

4.11 

4.87 

31 

BL 

2.77 

0.25 

2.3 

3.2 

31 

RAP 

12.77 

0.61 

11.63 

4.2 

31 

DL 

25.62 

0.78 

24.04 

27.64 

31 

M'W 

1.92 

0.09 

1.74 

2.12 

31 

M'L 

2.29 

0.12 

2.09 

2.59 

31 

P 3 W 

1.83 

0.17 

1.17 

2.13 

31 

P 3 L 

2.32 

0.14 

1.9 

2.52 

31 

P 4 W 

2.16 

0.1 

1.96 

2.38 

31 

P 4 L 

2.4 

0.13 

1.99 

2.66 

31 

CBL 

33.2 

0.79 

31.71 

35.19 

31 

M'-M 1 

7.34 

0.52 

5.13 

7.96 

31 

p3_p3 

5.2 

0.51 

4.43 

6.81 

31 

p4_p4 

6.33 

0.55 

4.89 

7.6 

31 

BS 

13.86 

0.55 

12.72 

14.81 

31 

POZ 

14.54 

0.44 

13.68 

15.42 

31 

CM 1 

11.56 

0.35 

10.56 

12.16 

31 

CM 2 

12.67 

0.46 

11.29 

13.68 

31 

HBL 

88.91 

4.65 

78.98 

97.76 

31 

EAR 

17.19 

1.07 

4.26 

19.24 

31 

FA 

72.85 

1.99 

67.88 

77.32 

31 

TIBIA 

30.06 

1.18 

27.47 

32.52 

31 

P2 

34.48 

1.6 

30.58 

37.31 

31 

P2 1 

9.05 

0.66 

7.96 

10.49 

31 

P3 

50.43 

1.47 

47.17 

53.33 

31 

P3 1 

38.01 

1.29 

35.37 

40.08 

31 

P4 

48.08 

1.79 

44.25 

51.92 

31 

P4_l 

29.63 

1.18 

26.82 

31.46 

31 

P5 

50.5 

1.96 

46.92 

55.22 

31 

P5 1 

24.34 

0.83 

22.47 

25.61 

31 
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Standard 

$ Thoopterussuhaniahae sp.nov. Mean deviation Minimum Maximum N 


GSL 

37.1 

0.81 

35.82 

38.28 

14 

ZB 

23.93 

0.83 

22.1 

25.23 

14 

HB 

12.78 

0.93 

11.34 

14.19 

14 

RL 

9.2 

0.48 

8.54 

10.01 

14 

10 

8.24 

0.28 

7.51 

8.58 

14 

C'-C 1 

7.68 

0.5 

7.23 

7.83 

14 

POW 

7.51 

0.19 

7.2 

7.91 

14 

LOP 

18.84 

0.57 

18.1 

20.03 

14 

MSF 

4.64 

0.29 

4.23 

5.42 

14 

BL 

3 

0.34 

2.42 

3.53 

14 

RAP 

14.11 

0.59 

13.12 

14.95 

14 

DL 

27.67 

0.82 

25.58 

28.91 

14 

M'W 

2.16 

0.11 

1.93 

2.37 

14 

M'L 

2.52 

0.13 

2.23 

2.75 

14 

P 3 W 

1.95 

0.24 

.9 

2.13 

14 

P 3 L 

2.48 

0.2 

1.99 

2.84 

14 

P 4 W 

2.37 

0.1 

2.22 

2.61 

14 

P 4 L 

2.64 

0.11 

2.48 

2.87 

14 

CBL 

35.57 

0.71 

34.74 

36.86 

14 

M'-M 1 

8.21 

0.3 

7.78 

8.73 

14 

p3_p3 

5.61 

0.25 

5.21 

6.07 

14 

p4_p4 

7.18 

0.31 

6.5 

7.53 

14 

BS 

15.19 

0.62 

14.05 

16.04 

14 

POZ 

5.58 

0.38 

14.95 

16.03 

14 

CM 1 

12.76 

0.29 

12.1 

13.17 

14 

CM 2 

14.01 

0.59 

12.52 

14.82 

14 

HBL 

94.91 

3.9 

86.02 

101.11 

14 

EAR 

17.64 

0.89 

16.62 

19.5 

14 

FA 

76.44 

1.64 

73.03 

78.47 

14 

TIBIA 

31.47 

1.17 

29.85 

33 

14 

P2 

37.22 

1.42 

34.5 

39.54 

14 

P2 1 

10.08 

0.38 

9.58 

10.66 

14 

P3 

54.24 

1.43 

51.07 

56.63 

14 

P3 1 

39.45 

1.47 

36.64 

41.2 

14 

P4 

50.35 

1.2 

47.39 

51.94 

14 

P4_l 

30.34 

1 

28.7 

32.18 

14 

P5 

52.22 

1.79 

48.66 

55.17 

14 

P5 1 

25.51 

0.83 

23.96 

27.2 

14 
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Standard 

S Thoopterus nigrescens Mean deviation Minimum Maximum N 


GSL 

35.33 

1.2 

32.55 

37.67 

32 

ZB 

22.13 

1.06 

19.39 

23.71 

32 

HB 

1.81 

0.44 

10.88 

12.5 

32 

RL 

8.65 

0.57 

7.22 

9.61 

32 

10 

7.5 

0.31 

6.4 

7.94 

32 

C'-C 1 

7.05 

0.41 

6.18 

7.76 

32 

POW 

6.98 

0.38 

6.43 

7.8 

32 

LOP 

17.76 

0.64 

16.57 

18.76 

32 

MSF 

4.47 

0.2 

4.19 

4.92 

32 

BL 

2.78 

0.22 

2.26 

3.31 

32 

RAP 

3.29 

1 

10.43 

15 

32 

DL 

26.33 

1.31 

2.78 

28.05 

32 

M'W 

1.98 

0.11 

1.79 

2.15 

32 

M'L 

2.28 

0.5 

1.84 

2.53 

32 

P 3 W 

1.93 

0.23 

1.35 

2.53 

32 

P 3 L 

2.34 

0.25 

1.41 

2.75 

32 

P 4 W 

2.22 

0.7 

1.91 

2.62 

32 

P 4 L 

2.47 

0.4 

2.27 

2.75 

32 

CBL 

33.97 

1.11 

31.53 

35.89 

32 

M'-M 1 

7.32 

0.66 

5.15 

7.98 

32 

p3_p3 

5.12 

0.45 

4.21 

6.4 

32 

p4_p4 

6.45 

0.41 

5.46 

7.1 

32 

BS 

14.15 

0.49 

13.21 

15.03 

32 

POZ 

14.75 

0.37 

14.08 

15.67 

32 

CM 1 

1.92 

0.53 

10.89 

13.27 

32 

CM 2 

13.02 

0.54 

11.9 

13.79 

32 

HBL 

92.12 

6.94 

78.55 

105.12 

32 

EAR 

17.74 

0.98 

16.17 

19.97 

32 

FA 

74.25 

3.47 

66.65 

79.36 

32 

TIBIA 

31.02 

1.99 

25.84 

35.52 

32 

P2 

35.73 

.83 

32.26 

38.26 

32 

P2 1 

9.44 

0.91 

7.93 

11.72 

32 

P3 

51.35 

2.16 

47.89 

55.49 

32 

P3 1 

38.7 

.52 

35.35 

41.31 

32 

P4 

48.94 

1.88 

44.24 

52.77 

32 

P4_l 

30.33 

1.23 

27.05 

32.57 

32 

P5 

51.75 

1.88 

46.02 

55.51 

32 

P5 1 

24.84 

1.01 

22.59 

26.62 

32 
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Standard 

S Thoopterussuhaniahae sp. nov. Mean deviation Minimum Maximum N 


GSL 

38.85 

0.81 

37.21 

40.55 

22 

ZB 

25.12 

0.77 

23.76 

26.35 

22 

HB 

12.77 

0.98 

10.41 

4.6 

22 

RL 

9.54 

0.46 

8.95 

10.75 

22 

10 

8.71 

0.4 

7.89 

9.34 

22 

C'-C 1 

8.06 

0.29 

7.57 

8.58 

22 

POW 

7.62 

0.31 

7.17 

8.26 

22 

LOP 

19.6 

0.57 

18.37 

20.92 

22 

MSF 

4.59 

0.26 

4.16 

5.03 

22 

BL 

3.03 

0.38 

2.2 

3.68 

22 

RAP 

15.32 

0.93 

13.63 

17.01 

22 

DL 

29.33 

0.77 

28.03 

31.06 

22 

M'W 

2.24 

0.07 

2.08 

2.33 

22 

M'L 

2.57 

0.17 

2.3 

2.92 

22 

P 3 W 

2.15 

0.16 

1.96 

2.55 

22 

P 3 L 

2.65 

0.2 

2.02 

2.85 

22 

P 4 W 

2.48 

0.18 

2.19 

2.9 

22 

P 4 L 

2.68 

0.1 

2.44 

2.8 

22 

CBL 

37.25 

0.88 

35.51 

39.28 

22 

M'-M 1 

8.37 

0.34 

7.68 

8.85 

22 

p3_p3 

5.77 

0.37 

5.13 

6.36 

22 

p4_p4 

7.34 

0.4 

6.61 

7.85 

22 

BS 

16.04 

0.59 

15.18 

17.24 

22 

POZ 

16.19 

0.51 

15.6 

17.77 

22 

CM 1 

13.27 

0.29 

12.71 

13.73 

22 

CM 2 

14.88 

0.27 

14.26 

15.3 

22 

HBL 

98.47 

4.05 

89.35 

109.67 

22 

EAR 

17.79 

0.69 

16.62 

19.06 

22 

FA 

78.36 

1.87 

74.42 

81.77 

22 

TIBIA 

32.26 

1.03 

30.49 

34.11 

22 

P2 

38.03 

0.95 

36.13 

39.87 

22 

P2 1 

10.45 

0.65 

9.5 

11.57 

22 

P3 

55.23 

1.74 

52.37 

57.73 

22 

P3 1 

41.19 

1.16 

37.85 

42.83 

22 

P4 

51.97 

1.62 

48.72 

54.43 

22 

P4_l 

31.98 

0.97 

30.46 

33.59 

22 

P5 

53.51 

1.53 

50.27 

55.65 

22 

P5 1 

26.27 

0.91 

24.73 

27.52 

22 
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TABLE 2 Measurements (mm) for skull includes dentary, dental and external characters (see Material and Methods 
section for explanation of character codes) of adult Thoopterus spp. 



Sex 


Species 


Sex vs. species 

Dependent Variable 

F 

P 

F 

P 

F 

P 

GSL 

43.11 

0.001 

205.49 

0.001 

3.04 

0.08 

ZB 

14.97 

0.001 

163.72 

0.001 

2.93 

0.09 

HB 

0.18 

0.67 

53.48 

0.001 

0.56 

0.46 

RL 

8.86 

0.001 

56.08 

0.001 

0.53 

0.47 

10 

18.98 

0.001 

208.67 

0.001 

6.51 

0.01 

Cl-Cl 

21.99 

0.001 

181.59 

0.001 

0.42 

0.52 

POW 

3.74 

0.06 

81.26 

0.001 

0.03 

0.86 

LOP 

27.33 

0.001 

167.29 

0.001 

1.01 

0.32 

MSF 

0.15 

0.7 

5.98 

0.02 

0.27 

0.61 

BL 

0.01 

0.94 

14.87 

0.001 

0.01 

0.95 

RAP 

0.35 

0.55 

12.95 

0.001 

1.42 

0.24 

DL 

28.22 

0.001 

115.03 

0.001 

5.41 

0.02 

M1W 

10.03 

0.001 

120.9 

0.001 

0.4 

0.53 

MIL 

0.51 

0.48 

60.17 

0.001 

0.7 

0.41 

P3W 

10.2 

0.001 

12.53 

0.001 

1.36 

0.25 

P3L 

4.42 

0.04 

23.79 

0.001 

2.58 

0.11 

P4W 

5.25 

0.02 

47.04 

0.001 

0.18 

0.67 

P4L 

4.95 

0.03 

59.66 

0.001 

0.31 

0.58 

CBL 

35.47 

0.001 

182.37 

0.001 

3.96 

0.05 

Ml-Ml 

0.48 

0.49 

60.7 

0.001 

0.51 

0.48 

P3-P3 

0.78 

0.38 

31.23 

0.001 

0.81 

0.37 

P4-P4 

2.35 

0.13 

68.92 

0.001 

0.08 

0.78 

MB 

20.2 

0.001 

153.91 

0.001 

6.11 

0.02 

BW 

19.8 

0.001 

157.82 

0.001 

5.51 

0.02 

CM! 

23.97 

0.001 

178.64 

0.001 

0.98 

0.33 

Cl-M2 

33.59 

0.001 

201.61 

0.001 

6.66 

0.01 

TL 

2.27 

0.135 

10.9 

0.001 

0.27 

0.6 

EAR 

1.57 

0.213 

1.967 

0.164 

0.34 

0.56 

FA 

9.77 

0.002 

47.91 

0.001 

0.29 

0.59 

TIBIA 

8.37 

0.005 

16.1 

0.001 

0.16 

0.69 

P2 

9.2 

0.003 

56.19 

0.001 

0.36 

0.55 

P2 1 

4.72 

0.033 

36.17 

0.001 

0.01 

0.94 

P3 

4.7 

0.033 

70.19 

0.001 

0.01 

0.98 

P3 1 

5.51 

0.021 

15.37 

0.001 

1.543 

0.22 

P4 

11.7 

0.001 

47.16 

0.001 

0.73 

0.4 

P4_l 

7.45 

0.008 

23.17 

0.001 

1.48 

0.23 

P5 

7.49 

0.008 

17.57 

0.001 

0.05 

0.82 

P5 1 

10.5 

0.002 

40.74 

0.001 

0.32 

0.57 
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(30.49-34.11) Vs 31.47 (29.55-33.00); P2 38.03 (36.13- 
39.87) v. 37.22 (34.50-38.54); P2_l 10.45 (9.50-11.57) 
v. 10.08 (9.58-10.66) (Table 1). 

External measurements of T. suhaniahae sp. nov. 
are larger than T. nigrescens as follows: the female 
head and body length 94.91 (86.02-101.11) v. 89.69 
(78.98-107.66), ear length 17.63 (16.62-19.50) v. 17.19 
(14.26-19.24), forearm length 76.43 (73.03-78.47) v. 
72.84 (67.88-77.32); the male head and body length 
98.47 (89.35-109.67) v. 92.12 (78.55-105.12), ear length 
17.79 (16.62-19.06) v. 17.74 (16.17-19.97), FA 78.36 
(74.42-81.77) v. 74.25 (66.65-79.36). 

Mean, standard deviation, minimum, maximum 
values and samples size for each species and different 
sexes are presented in Table 1 for cranial, dental, 
mandibular and external characters. MANOVA 
results (see Table 2 for details) indicate that nearly all 
characters differed significantly between the sexes. 
Characters that not were significantly influenced by 
sex (P>0.05) were: braincase height (HB), bulla length 
(BL), ramus angular process (RAP), upper first molar 
length (M'L), distance between upper first molars 
(M^M 1 ), upper third premolars (P 3 -P 3 ), and upper 
fourth premolar (P 4 -P 4 ), ear length (EAR) and head and 
body length (HBL) (Table 2). All characters showed 
significant differences between T. nigrescens and T. 
suhaniahae sp. nov. at P<0.001; exceptions are MSF 
and ear length. 

For most characters there were no significant 
interactions between sex and species (Table 2). Weak 
interactions between sex and species were found for 
interorbital width (IO), lower canine to second molar 
distance (C-M (P<0.01) and for condylobasal length 
(CBF), dentary length (DF), braincase width (BW) and 
mastoid breadth (MB) (P<0.05). 

MULTIVARIATE ANALYSES 

DFA for 26 skull dental and dentary characters and 
12 external characters were run separately. The DFA 
was run using a reduced set of five selected characters 
to reduce the effect of over fitting data. Five variables 
were selected to minimize Wilk’s lambda. These 
subsets provided similar cluster values in discriminant 
function space as had been observed in the full set 
of 26 skull, dental and dentary characters. The DFA 
for males and females extracted a highly significant 
function that did not misclassify any individuals of T. 
nigrescens and T. suhaniahae sp. nov. 

The DFA of male specimens contrasted T. 
suhaniahae sp. nov. from Sulawesi, Wowoni and 
Talaud Islands with T. nigrescens collected from 
Sulawesi, Sula, Wowoni and Buton Island. The five 
skull and external character for male selected to 
minimize Wilk’s lambda (Kitchener et.al. 1995) are 
M ! W, IO, POW, POZ, M^M 1 and P3, P2_l, P5, P3_l, 
HBF. The analyses of female specimens contrasted 
T. suhaniahae sp. nov. from Sulawesi and second, 
T. nigrescens collected from Sulawesi, Buton, Sula, 


Wowoni Islands. The five skull and external characters 
selected to minimize Wilk’s lambda female are CVC 1 , 
GSF, HB, MSF, M ! F and P3, P5, P2_l, FA, HBF. 

The separate DFA for males and females extracted 
the highly significant function (Function 1) and 
classified 100% individuals correctly to species. 
Variables loading most heavy (> 0.5) on these 
functions were POW, P3, P5, P3_l, P2 1 (males) and 
C l -C\ P3, P5, HBF (females). 

SYSTEMATICS 
Family Pteropodidae 
Genus Thoopterus Matschie, 1899 

TYPE SPECIES 

Cynopterus marginatus var. nigrescens Gray, 1870. 

DIAGNOSIS 

Postorbital foramina absent; incisors complete, upper 
canine grooved, cheek teeth 4/5, P 4 and M 1 broad, 
quadrate with large surface and grooved upper canines 
without cingulum cusps; tail reduced to a rudiment, 
membranes from second toe with longer fur. 

Thoopterus nigrescens (Gray, 1870) 

Figures 2, 3 

MATERIAL EXAMINED 
Holotype 

Indonesia: North Moluccas : $ skin and skull, 
Morotai, A.R. Wallace (BMNH 62.10.21.6). 

DIAGNOSIS 

No postorbital foramina, incisors 212-212, upper 
canine grooved, check teeth 4/5, P 4 and M 2 extremely 
broad, quadrate, with large surface cusps, and 
the inner ridge quite obsolete. Tail rudimentary, 
membranes from second toe' (Andersen 1912). 

DESCRIPTION 

Description follows Andersen (1912): fur much 
longer than in Cynopterus, back warm prout’s brown, 
under fur pale drab grey, head similar but slightly 
darker, nape neck paler, under parts from chin to 
interfemoral, hair brown, slightly shaded with a 
warmer brown on flanks and sides of breast and belly, 
the metacarpal and phalanges dark brown. Rostrum 
unmodified; premaxillae slender, tapering above in 
simple contact interiorly; row of upper incisors in 
sharp profile of rostrum (one canine covering the 
other) partly hidden between canines. Front of orbits 
above back of P 4 , maxillary tooth row not extending 
beyond ventral margin of orbit. Sagittal crest fully 
developed, but low. 

DISTRIBUTION 

Sulawesi, Talaud, Sula, Buton, Wowoni, Morotai 
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FIGURE 2 Photograph of the skulls of Thoopterus suhaniahae (a) and T. nigrescens (b), showing the lower mandible 
and cranium in dorsal, ventral and lateral views. 


Island. 

Thoopterus suhaniahae sp. nov. 

Figures 2, 3, 6 
MATERIAL EXAMINED 
Holotype 

Indonesia: Central Sulawesi : MZB 23390: $, LL 
261, Lore Lindu National Park, Watumeta (1°23'57"S, 
120°18'07"E, 1125 m), collected on 26 July 2000 by I. 
Maryanto and M. Yani. 

Paratypes 

Indonesia: 12 f: MZB 23360, MZB 23363, MZB 
23365, MZB 23369, MZB 23372, MZB 23374, MZB 
23383, MZB 23384, MZB 23386, MZB 23387, MZB 
23376, MZB 23478 (see Appendix 1); 24 MZB 13378, 
MZB 15326, MZB 15329, MZB 17812, MZB 23361, 
MZB 23364, MZB 23367, MZB 23368, MZB 23370, 
MZB 23371, MZB 23373, MZB 23377, MZB 23378, 
MZB 23379, MZB 23380, MZB 23381, MZB 23382, 
MZB 23385, MZB 23389, MZB 23391, MZB 23392, 
MZB 23393, MZB 27725, MZB 27726 (localities details 
see Appendix 1). 

DIAGNOSIS 

Thoopterus suhaniahae sp. nov. is diagnosed 
by cranial, dental, and external characters and by 
combinations of these (see discriminant function 
analysis and univariate plots, Figures 4, 5). Compared 
to T. nigrescens, metacarpal 3 of T. suhaniahae sp. nov. 
is longer relative to metacarpal 4 phalanx 1; ZB is wider 
relative to skull length in T. suhaniahae sp. nov. and 
palatal length is longer relative to postorbital width than 
T. nigrescens (Figure 5). 


DESCRIPTION 

Skull, dentary, dentition. Compared with T. 
nigrescens cranium of T. suhaniahae sp. nov., is broader 
and has a shorter rostrum. There are no postorbital 
foramina in either taxon. The mandible is more robust 
underneath the mandibular tooth row. In T. suhaniahae 
sp. nov. the second upper incisors are slightly shorter 
than first upper incisors. There is a broad and deep 
vertical groove on the antero-medial surface of the 
upper canine. The canine and second incisors are 
separated by auricle diastema. P is more massive than 
P 1 ; M, nearly the same size as P x ; M 1 smaller than P 4 
heavier than M,; and P 4 smaller than P.. 

External characters. Tail absent or reduced to a 
rudiment but usually more conspicuous than in T. 
nigrescens. Other external characters are as described 
for T. nigrescens by Andersen (1912), except for the 
interfemoral membranes which differ in having a 
quarter to half of the under face of the uropatagium 
sparsely furred and the calcar wider in T. suhaniahae 
sp. nov. is 10-11 mm (measured from tibia) v. 7-8 mm 
in T. nigrescens. 

Pelage. The dorsum of T. suhaniahae sp. nov. is 
brown, under fur grayish brown, and head, forehead, 
forearm and rump darker brown. The under parts from 
chest to abdomen are brownish gray, from chin to 
interfemoral brown, and the flanks and sides of breast 
and belly are slightly shaded with a warmer brown. 
The ear and membranes are unmarked; the metacarpals 
and phalanges are dark brown. The dorsal fur of both 
T. suhaniahae sp. nov. and T. nigrescens is 10-13 mm 
long. 

Gians penis. Seen under a scanning electron 
microscope, the urethal aperture of the glans penis of 
T. suhaniahae sp. nov. lacks the conspicuous scale-like 
projection seen in T. nigrescens (Figure 3). 
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Type JSM-5000; magnification x Type JSM-50OQ; magnification x 750 Type JSM-5000; magnification x 

150 ACCV 10 kV; width 880 um ACCV 10 kV; width 176 um 50 ACCV 10 kV; width 2.64 mm 



FIGURE 3 


Scanning electron microscope photograph of glans penis morphology of Thoopterus nigrescens (a) and T. 
suhaniahae sp. nov. (b). 


a 




c d 




Function 1 


FIGURE 4 Dendrograms of discriminant function values for male and female between Thoopterus nigrescens (white) 
and T. suhaniahae sp. nov. (black) (a), male skull characters; (b), female skull characters; (c), male external 
characters; and (d) female external characters. 
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FIGURE 5 Univariate plots of palatal length and postorbital width, and greatest skull length and zygomatic breadth, 
metacarpal 3 and metacarpal 4 phalanxl (in mm) of male and female Thoopterus nigrescens (•) and 
T. suhaniahae sp. nov. (■). 



FIGURE 6 Dorsal and ventral views of the holotype (MZB 23390) of Thoopterus suhaniahae sp. nov. 
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TABLE 3 Standardised and unstandardised values of the canonical variate function for the two species group of the 
genera of Thoopterus. a) cranium, dentary and b) external characters. 


a) Skull, dental, and dentary characters 






Function 1 



Function 1 

<? 

Standardised Unstandardised 

? 

Standardised 

Unstandardised 

Cl -M2 

0.44 

0.9508127 

Cl-Cl 

0.58 

2.84 

IO 

0.41 

1.2561244 

GSL 

0.465 

0.64 

POW 

0.55 

1.526736 

HB 

0.34 

0.61 

POZ 

0.46 

1.0838556 

POW 

0.29 

1.14 

P4W 

0.34 

1.9432024 

MIL 

0.3 

2.4 

(Constant) 


-55.07 



-63.42 

b) External characters 

Function 1 



Function 1 

<? 

Standardised Unstandardised 

$ 

Standardised 

Unstandardised 

P3 

0.955 

0.567 

P3 

0.819 

0. 584 

P2 1 

0.521 

0.638 

P5 

-1.023 

-0.584 

P5 

-0.829 

-0.468 

P2 1 

0.452 

0.973 

P3 1 

0.553 

0.421 

FA 

0.452 

0.261 

HBL 

0.231 

0.393 

HBL 

0.568 

0.126 

(Constant) 


-32.271 



-38.22 


HABITAT 

Thoopterus suhaniahae sp. nov. is common in Central 
Sulawesi at elevations of 600-1,000 m. Specimens 
were also captured at 1,930 m at Rorekatimbu, Lore 
Lindu National Park, Central Sulawesi, and at 60 m 
asl at Wowoni Island. Thoopterus suhaniahae sp. nov. 
has been collected sympatrically with T. nigrescens, 
Rousettus celebensis, Cynopterus luzoniensis, 
Cynopterus minutus (a new record for Sulawesi), 
Chironax melanocephalus and Macroglossus minimus. 
The species was collected from Maros, South Sulawesi; 
Bakiriang-Batu, South-West Sulawesi; Dako Mountain- 
Toli-Toli, Central Sulawesi; Talaud Island, North 
Sulawesi, and Wowoni Island, South-East Sulawesi and 
South-West Sulawesi. 

DISTRIBUTION 

Known from Sulawesi, Talaud and Wowoni Islands, 
Indonesia. 

ETYMOLOGY 

For Suhaniah (wife of Mohamad Yani), who passed 
away on 31 March 2000 while her husband studied in 
Lore Lindu National Park. 


REMARKS 

The new species of Thoopterus is a medium-sized 
fruit bat in Sulawesi and small adjacent island groups. 
From our observations, it is one of the most abundant 
bats which widely distributed on Sulawesi from 60- 
2,100 m asl. 

Geographically sympatric to T. suhaniahae sp. nov., 
T. nigrescens is found in primary, secondary, cacao and 
coffee plantation forest, whereas T. suhaniahae sp. nov. 
is more common in primary forest at middle and low 
land altitudes. 

The discovery of a second species of Thoopterus 
endemic to Sulawesi and adjacent islands provides 
further evidence that Sulawesi is a ‘hot spot’ of 
pteropodid evolution (Maryanto and Yani 2003). The 
majority of distribution of the new species such as 
Rousettus linduensis and R. bidens were known from 
Central Sulawesi which appears to emphasize once 
more the complex geological history of the island as a 
composition of parts with different origins (Maryanto 
and Yani 2003). 

Unfortunately, ongoing large scale hunting and 
trapping of fruit bats in the north and parts of Central 
Sulawesi and elsewhere, seriously endangers the survival 
of this species as well as other fruit bats on these islands. 
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The biology and functional morphology 
of Nucula pusilla (Bivalvia: Protobranchia: 
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primitive or miniature simplicity? 

Brian Morton 
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ABSTRACT - The southern Australian nuculid Nucula pusilla is < 3 mm in shell length, making it one 
of the smallest known protobranchs and one of the smallest bivalves. It lives in clean, well-aerated, 
coarse, offshore marine sands in the southern half of the Australian continent. The bivalve lies in the 
sand with the pointed anterior end of the shell directed upwards at an angle of -45° to the sediment 
surface and inhales water into the mantle cavity from this direction. The more rounded posterior 
shell margin sits within the sediment. The posterior exhalant current, created by the posterior, 
largely respiratory ctenidia assist in the removal, along with ciliary currents on the mantle surface and 
visceral mass, of unwanted particles. Nucula pusilla possesses a pair of large, closed statocysts with 
numerous statoconia, situated above the pedal ganglia and these are likely to be responsible for the 
bivalve's orientation. There is also a minute Stempel's organ located on the outer face of the anterior 
adductor muscle. Feeding is largely by means of palp proboscides that collect subsurface material 
and transport it along anterior ciliated grooves where it reaches and is sorted by the labial palps where 
some particles are accepted and others are rejected. The intestine is coiled complexly in the visceral 
mass but the style sac is much simplified in comparison with N. sulcata. 

The mantle margin of Nucula pusilla is simplified, with the periostracal groove, in contrast to 
N. sulcata, extending almost to the pallial line. Other features of N. pusilla anatomy are described 
and although this species is clearly closely similar in morphological terms to other widely accepted 
'primitive' nuculids, it appears that miniaturisation has resulted in some anatomical simplification. As 
with all species, form and function result ultimately from ancestry and the evolutionary path arising 
from natural selection. Aspects of the morphology of N. pusilla, such as the mantle margin, the simply 
structured style sac, the uniquely protobranch Stempel's organ, and the mantle cavity brooding of 
lecithotrophic larvae, are indicative of a 'primitive', perhaps ancestral, nuculid condition. Other aspects 
of the overall body plan, such as the loss of the anterior pedal retractor muscles, suggest simplification 
resulting from miniaturisation. It is suggested that through paedomorphosis, miniaturisation of a 
nuculid ancestor could be the means by which the 'higher' lamellibranch bivalves have so successfully 
adopted a ctenidial and suspension feeding lifestyle and been released from the constraints that 
deposit feeding imposes. These bivalves have subsequently diverged into a complex array of species 
inhabiting virtually every aquatic habitat on Earth. 


KEYWORDS: musculature, mantle margin, intestine, Stempel's organ, reproduction, larval brooding, 
paedomorphosis, neoteny 


INTRODUCTION 

Yonge (1939) undertook the first comprehensive, 
now classical, work on the functional morphology of 
representatives of the various protobranch families, 
examining Nucula hanleyi Winkworth, 1931, N. nucleus 
(Linnaeus, 1758) and N. turgida Leckenby and Marshall, 
1875 as representatives of the Nuculidae J.E. Gray, 1824. 
Yonge was describing the generally well known larger 
(~13 mm shell length) British species of Nucula, the 
similar shells of which were described and compared 


by Allen (1954), and subsequently by Tebble (1966). So 
similar are nuculid shells that Allen (1952) attempted to 
distinguish between the structure of the faecal pellets of 
two putative species of Nucula, N. turgida and N. moorei 
Winckworth, 1931 and concluded by synonymising the 
latter with the former. Such uniformity led Sanders and 
Allen (1973 p. 239) to define the Nuculidae as a ‘ sharply 
circumscribed and well-defined morphological group’. 

Yonge (1939) pointed out that the anatomy of Nucula 
is the best known amongst all protobranchs. However, 
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there has never been (i) any examination of the anatomy 
of an Australian species nor (ii) of such a minute taxa 
as N. pusilla Angas, 1877, the object of this study. This 
is surprising considering Lamprell and Healy (1998) 
redescribed 21 species of nuculids belonging to three 
genera ( Nucula Gray, 1824, Rumptunucula Bergmans, 
1978 and Leionucula Quenstedt, 1930) from Australian 
waters, but is possibly less so when the small size of N. 
pusilla is considered. The research reported here thus 
complements that of Yonge (1939) and draws on the 
anatomical researches of earlier workers such as Drew 
(1899; 1901), Pelseneer (1911) and Heath (1937) as well 
as more contemporary authors who have researched the 
finer details of different nuculid species. These latter 
authors will be identified in the relevant sections of this 
text. This study also seeks to provide better illustrations 
of a nuculid taxon, congeners of which have not 
previously been illustrated as living entities but as either 
dried or preserved specimens, for example Hampson 
(1971), Allen (1978), and Yonge (1939). 

Finally, because Nucula pusilla is so small, 
this study may give some insights into what the 
primitive, ancestral bivalve was like as they were 
also tiny (Runnegar 1978). Yonge (1939) considered 
the Nuculidae to be the least specialised of the 
Protobranchia and to be representative of the most 
primitive living lamellibranch bivalves. Conversely, 
Graham (1949) studied the stomach of N. hanleyi and 
noted (page 742): ‘ the structure of the stomach of Nucula 
does not in some respects suggest primitiveness, but a 
certain degree of specialisation ’. Following a study of 
N. nucleus, Purchon (1956) linked the protobranchs with 
the anomalodesmatan septibranchs because of stomach 
simplicity, although such a similarity is derived from the 
fact that representatives of both ingest large particles of 
food resulting in a high degree of extracellular digestion. 
In the case of the latter, this is because of the ingestion 
of preyed-upon small crustaceans, for example, in 
species of Cuspidaria (Reid and Reid 1974), not detritus 
as in protobranchs. 

Modern biologists now view animals under a 
somewhat different light suggesting that in order 
to survive, all species must be specialised to meet 
the demands of their ecology in its broadest sense. 
Hence, although the Nuculidae may in some ways be 
representative of the primitive, ancestral bivalve form 
and lifestyle, suggested by Yonge (1939), arguably the 
greatest 20th century authority on the Bivalvia, the 
minuteness of N. pusilla may illuminate aspects of the 
ancestral nuculid and/or bivalve condition, as well as the 
role that minuteness plays in determining the complexity 
(or not) of functional anatomy. Whether N. pusilla 
would reveal any insights into how its anatomy reflected 
either primitive or miniature simplicity became the 
overall aim of this study. 

MATERIALS AND METHODS 

Individuals of Nucula pusilla were obtained by sieving 
coarse shallow subtidal sands from off Cape Vlamingh, 


Rottnest Island, off Perth, Western Australia, during 
the course of the Fifth International Marine Biological 
Workshop, convened on Rottnest Island from 1-24 
January 1991. The antero-posterior shell lengths of each 
individual plus empty right valves were measured to the 
nearest 0.1 mm using vernier calipers. Subsequently, 
some of the largest individuals were dissected and 
the ciliary currents of the mantle cavity elucidated 
by the application of drops of carmine suspended in 
seawater. Two other individuals of ~1 mm and ~2 mm 
shell length were fixed in Bouin’s fluid and following 
routine histological procedures, sectioned transversely 
at 4 pm, and resulting slides stained in either Ehrlich’s 
haematoxylin and eosin or Masson’s trichrome. 

For comparison, two individuals of Nucula sulcata 
(Bronn, 1831) were obtained from the Milport Marine 
Station courtesy of the then Director J.A. Allen. These 
were dissected and sectioned using the same procedures 
as described above for N. pusilla. 

RESULTS 

TAXONOMY AND FOSSIL HISTORY 

Keen (1969) considered that representatives of 
the Nuculidae have a fossil history dating from the 
Ordovician and that Recent species occur almost 
worldwide. Angas (1877, page 177, plate XXVI, figure 
26) described and recorded Nucula pusilla from shelly- 
sand from Port Jackson, South Australia. Bergmans 
(1978) described the taxonomy and distribution of 
fourteen species of Recent Australian Nucula and 
selected a lectotype for N. pusilla Angas, 1877, which is 
held in the collections of the Natural History Museum, 
London (BMNH 1877.5.12.61), and considered N. 
hedleyi Pritchard and Gatliff, 1904, N. micans Angas, 
1879 and Pronucula concentrica Cotton, 1930 to be 
junior synonyms. According to Huber (2010), another 
synonym is N. minuta Tenison-Woods, 1876 but this 
species is restricted to the Canadian Arctic and is likely 
to be a valid taxon. The shell of the lectotype of N. 
pusilla is illustrated in Bergmans (1978, figures 2-4). 

In the collection of fossil nuculids contained in the 
Western Australian Museum (WAM), N. pusilla has 
been obtained from Pliocene, Pleistocene and Recent 
strata at Jandikot and Redcliffe in Perth and from West 
Gingin, north of Perth, and Rottnest Island. 

BIOLOGY 

Nucula pusilla can be considered to have a southern 
Australian, cold temperate distribution, and to live in 
clean, nearshore, oceanic sediments. With a recorded 
maximum shell length of 2.92 mm (Bergmans 1978), N. 
pusilla is a minute occupant of sediments comprising 
medium to coarse well sorted sands (0.25-1.00 mm) 
(Glover and Taylor 1999). Adult N. pusilla individuals 
are only a little bigger than the largest grains in the 
sediments in which they live. 
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FIGURE 1 Nucula pusilla. Shell length frequency 
histogram of a sample of (i) living individuals 
and (ii) empty right shell valves collected 
from offshore sands at Cape Vlamingh, 
Rottnest Island, Western Australia. 



FIGURE 2 Nucula pusilla. An illustration of the living 
animal buried in a natural position in the 
sand and showing the anterior inhalant and 
posterior exhalant streams. Also shown 
are the tips of the palp proboscides in the 
sediment and the posterior ends of the 
ctenidia. 

Figure 1 is a shell length frequency histogram of a 
sample of (i) living individuals and (ii) empty right shell 
valves of Nucula pusilla collected from offshore sands 
at Cape Vlamingh, Rottnest Island, Western Australia. 
It comprises two peaks of living individuals of ~1.4 
mm and -2.4 mm shell length and empty (right) valves 
of approximately matching sizes (1.4 mm and 2.2 mm 
shell lengths). The smallest living individual had a 
shell length of 0.8 mm. I have no data on the population 
density of N. pusilla at Cape Vlamingh but this may not 
be significant as the species is particularly susceptible 
to changes in water quality. Macleod and Forbes (2004) 
found numbers of N. pusilla declined rapidly in the 
sediments beneath finfish farms in Tasmania subjected 
to eutrophication from artificial feeds, but recovered 
once impacts ceased. 

In laboratory aquaria with a bed of sand from their 
natural habitat, living individuals of Nucula pusilla 
reburied themselves quickly and adopted positions 
generally similar to that illustrated in Figure 2. In 
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FIGURE 3 Nucula pusilla. The method of locomotion 
with the foot extended forward and the shell 
pulled towards it by means of the contraction 
of the posterior pedal retractor muscle. (For 
abbreviations see Appendix). 

this natural position, they buried themselves with the 
posterior ends downwards and the pointed anterior 
ends of their shells oriented somewhat upwards out of 
the sediment. The application of suspended carmine to 
living individuals identified an anterior inhalant stream 
and some of this was eventually passed out of the animal 
postero-ventrally as a posterior exhalant stream. Also 
illustrated are the tips of the palp proboscides extended 
into the sediment and the posterior ends of the ctenidia 
that extend beyond the posterior margin of the shell 
valves (Figure 2). 

The foot of various species of Nucula has been 
described as a ‘creeping’ organ (Forbes and Hanley 
1853, Pelseneer 1891, Verrill and Bush 1897, 1898). 
Yonge (1939) rectified this error and described, but 
did not illustrate, how locomotion was achieved. 
The method of locomotion exhibited by N. pusilla 
is illustrated in Figure 3. From a resting position 
illustrated in Figure 3A, the marginally frilled foot is 
extended forwards in an anteriorly oblique direction, 
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expanded, and flared outwards (Figure 3B). The 
shell is then pulled forwards by contraction of the 
paired posterior pedal retractor muscles (Figure 3C). 
Associated with this action the parted shell valves are 
brought together by adduction of the adductor muscles 
and this provides the lift and momentum for the whole 
animal to be pulled forward. Further foot extensions 
may occur subsequently, such that an individual may 
either continue forward motion or return to and adopt a 
position of repose (Figure 3D). The frilled ploughshare 
structure of the foot of N. pusilla is similar to those of 
the preserved nuculids illustrated by various authors, for 
example Pelseneer (1911, plate I, figure 1) and the highly 
active, and deep burrowing, Solemya parkinsoni Smith, 
1874 (Owen 1961, figure 2D) and S. velesiana Iredale, 
1931 (Taylor et al. 2008, figure 12A and B). 

ANATOMY 
The shell 

The shell of Nucula pusilla is minute, the largest 
individual here reported having a length of 2.8 mm. 
Bergmans (1978, table 1) recorded that the holotype 
of Pronucula concentrica Cotton, 1930 from Gulf St 
Vincent, which he considered to be a junior synonym 
of N. pusilla, had a shell length of 3.75 mm. All other 
specimens reported by Bergmans had shell lengths 
<2.92 mm. Moore (1977) recorded that the Nuculidae 
comprise some of the smallest living bivalves and rarely 
do any species reach a shell length >50 mm. At 20 
mm, N. sulcata is the largest British species, all four 
other species having maximum shell lengths of -13 mm 
(Tebble 1966). 

The aragonitic shells of all nuculids, both Recent and 
fossil, examined by Taylor et al. (1969, table 1) comprise 
three layers, an outer layer of composite prisms, and 
middle and inner layers of lenticular and sheet nacre, 
respectively. The equivalve shell of N. pusilla (Figure 
4) is obliquely and triangularly ovate, or wedge-shaped, 
and distinctly inequilateral, the antero-dorsal margin 
sloping more gently than the postero-dorsal resulting 
in truncate anterior and more rounded posterior valve 
margins. Externally (Figure 4A), the shell is relatively 
thin, pale greenish-white, finely and commarginally 
striated externally, and crossed with extremely delicate 
radiating striae. The ventral margin is smoothly 
arcuate, and the postero-dorsal umbones swollen with 
opisthogyrate umbones. Internally (Figure 4B) the shell 
of N. pusilla is nacreous, as in all nuculids, and slightly 
translucent. 

When the shell of Nucula pusilla is angled slightly 
(Figure 5A) the scars of the anterior (AA) and posterior 
(PA) adductor muscles can be clearly seen. The scar of 
the posterior pedal retractor (PPR) is visible beneath the 
posterior region of the hinge plate, and the extremely 
thin, obscure and deeply recessed pallial line (PL) is 
also more obvious. The prodissoconch of N. pusilla is 
large (-260 pm in length) and corroded (Figure 5B). 
Also apparent are tiny larval hinge teeth (LT) (Figure 
5B). Another view of the interior of the right shell 
valve shows the structure of the hinge in greater detail 



FIGURE 4 Nucula pusilla. The shell. A. Exterior view of 
the left shell valve. B. Interior view of the 
right shell valve. 



FIGURE 5 Nucula pusilla. A. Angled view of the interior 
of a 2 mm long left shell valve with the 
adductor muscles and pallial line identified. B. 
Corroded prodissoconch, -260 pm in length 
also showing the larval teeth. C. Interior view 
of the left shell valve of an individual of -1.6 
mm shell length showing the structure of the 
hinge in greater detail. D. Detailed, oblique, 
view of the hinge teeth of the left shell valve. 
(For abbreviations see Appendix). 

(Figure 5C) and the central approximately amphidetic, 
opisthogyrate ligament with the prodissoconch situated 
above it, and the taxodont anterior (x6) and posterior 
(x3) hinge teeth. A more detailed view of the hinge 
teeth of the right shell valve (Figure 5D) shows that the 
anterior hinge teeth are pointedly curved towards the 
anterior, with a socket behind. 

The hinge plate is also illustrated in Figure 5C. The 
triangular ligament of the hinge plate is internal and 
situated on a resilifer, not a chondrophore, as suggested 
by Bergmans (1978). In an adult individual 2.5 mm 
in shell length, taxodont hinge teeth are present both 
anteriorly and posteriorly, the maximum numbers being 
eight and four, respectively, for example in the lectotype 
(Bergmans 1978, figure 3). The thin pallial line and 
the scars of the larger posterior and smaller anterior 
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adductor muscles are visible, while the scar of the only 
pedal retractor muscle, the posterior, is hidden under the 
hinge plate. 

The musculature 

The musculature of Nucula pusilla comprises 
approximately equal anterior and posterior adductor 
muscles (Figure 3A, AA; PA), although the former 
is slightly larger than the latter, so the species 
is approximately isomyarian. There is a large 
posterior pedal retractor muscle (PRM), but no anterior 
equivalent. Neither Yonge (1939) nor Hampson (1971) 
describe any pedal retractor muscles for the nuculids 
they examined although Mikkelsen and Bieler (2008) 
illustrate and describe both a large posterior and a 
smaller anterior pedal retractor for an unidentified, 
possibly generalised, species of Nucula. Haszprunar 
(1985, figure la) described a similar arrangement of 
muscles in N. sulcata. 

A Stempel’s organ is present on the anterior, outer face 
of the anterior adductor muscle of Nucula pusilla (Figure 
6, SO). It is a minute structure closely adherent to the 
anterior adductor muscle (AA) and embedded within 
the united inner folds of the mantle margin (IMF). The 
organ is ~6 pm in diameter and comprises a sphere of 
nucleolated cells enclosing a hollow central core with a 
statolith-like structure inside. The mantle margin above 
the anterior adductor muscle comprises outer (OMF) and 
middle (MMF) mantle folds with the periostracum (PE) 
arising between them. The outer mantle fold is here 
densely occupied by sub-epithelial secretory cells (SC). 

Comparison with Nucula sulcata 

The Stempel’s organ present in Nucula sulcata 
has been described in great detail by Haszprunar 
(1985). As in N. pusilla, the organ in N. sulcata is 
located on the anterior face of the anterior adductor 
muscle. It has a form reminiscent of the muscle of N. 
pusilla (Haszprunar 1985, figure 4), but is much more 
complex and comprises a closed tube that is innervated 
from the pleural ganglia. The lumen of the organ 
is filled with a ventral crest that comprises ciliated 
cells and it is believed that the structure functions 
as a mechanoreceptor, possibly associated with the 
coordination of the organs of feeding, the labial palps, 
palp proboscides, and possibly the ctenidia. 

The mantle margin 

The mantle margin of Nucula pusilla is divided 
throughout its extent, except dorsally beneath the hinge 
plate and between the adductor muscles. The mantle 
margin of N. pusilla is exceedingly simple (Figure 7) 
but does comprise the three folds typical of the majority 
of the bivalves except for some arcoids, e.g. Area noae 
(Linnaeus, 1758) (Morton and Peharda 2008). The inner 
fold (Figure 7, IMF) is small and swollen and contains 
the pallial nerve (PN). The middle (MMF) and outer 
mantle folds (OMF) are exceedingly long and receive 
most of the components of the pallial retractor muscle 
(PRM), which is also long, reflecting the distance of 
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FIGURE 6 Nucula pusilla. Transverse section through 
Stempel's organ located on the outer 
face of the anterior adductor muscle. (For 
abbreviations see Appendix). 

the pallial line inwards from each valve margin (Figure 
5A, PL). Between these two folds lies the periostracal 
groove (Figure 7, PEG) which basally secrets the 
periostracum that stains blue in Masson’s trichrome. 

Comparison with Nucula sulcata 
The mantle margin of this species of Nucula also 
comprises the three folds typical of the Bivalvia (Figure 
8) except that the folds are arranged differently from 
N. pusilla. The inner mantle fold (IMF) is much larger 
and the middle (MMF) and outer folds (OMF) are 
considerably shorter in N. sulcata. As a consequence, 
although the pedal retractor muscle (PRM) in N. 
sulcata is as long, relative to N. pusilla, the periostracal 
groove (PEG) is proportionally much shorter (Figure 
8). In the two much larger individuals of N. sulcata, 
the periostracum (PE) is seen to comprise two layers, 
an inner layer that stains blue in Masson’s trichrome 
suggesting a mucoid structure, and a thin outer chitinous 
layer. 

The organs of the mantle cavity 
The organs and ciliary currents of the mantle cavity 
of Nucula pusilla, seen from the left side, are illustrated 
in Figure 9. In living individuals (Figure 2), there is a 
strong anterior inhalant stream and an equally distinct 
posterior exhalant flow which are presumably almost 
completely a respiratory flow, as the water passes 
through and around the paired and curved ctenidia 
that comprise inner (ID) and outer demibranchs (OD), 
located in the posterior region of the mantle cavity. The 
ctenidia, or gills, of an unidentified species of Nucula 
were studied by Orton (1912) and discussed by Atkins 
(1937) who also provided an illustration (Atkins 1938, 
figure 7A) of a transverse section through a gill filament. 
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FIGURE 7 Nucula pusilla. Transverse section through 
the right ventral mantle margin. (For 
abbreviations see Appendix). 



The ctenidia of N. pusilla possess few or no filtering or 
particle collecting facilities and any suspended material 
retained by these structures is rejected from their 
surfaces quickly, typically from the ventral extremities 
of the ctenidial filaments, and from the mantle cavity 
with the posterior exhalant stream. Yonge (1939, figures 
9 and 10) illustrated similar ctenidia in N. hanleyi and N, 
turgida. Stasek (1961) showed, as illustrated here for N. 
pusilla, that the nuculid Acila castrensis (Hinds, 1843) 
possesses an intimate association between the ctenidia 
and the labial palp lamellae, suggesting that food 
collection in these species may also comprise an element 
of suspension feeding. 

The feeding structures of Nucula pusilla comprise 
the paired palp proboscides (Figure 9, LPP, RPP) that 
are situated in the mantle cavity between the anteriorly 
situated paired, inner and outer labial palps (ILP, 
OLP), and the posteriorly located, also paired ctenidia. 
The palp proboscides are long, truncated, extensible 
structures that probe into the habitat sediments from 
between the parted shell valves approximately mid 
ventrally. On their anterior faces are ciliary channels 
that collect particles of sediment and pass them upwards 
towards the labial palps. 

The position of the labial palps in the mantle cavity 


FIGURE 8 Nucula sulcata. Transverse section through 
the right ventral mantle margin. (For 
abbreviations see Appendix). 
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FIGURE 9 Nucula pusilla. Organs and ciliary currents of 
the mantle cavity as seen from the left side 
and after removal of the left mantle lobe. 
(For abbreviations see Appendix). 
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of Nucula pusilla is illustrated in Figure 9. Figure 10 is 
a more detailed representation of the labial palp - palp 
proboscide junction showing the ciliary currents of the 
former. In this figure only the left palp proboscides 
(LPP) and left labial palps (ILP, OLP) are illustrated. 
On the anterior face of the former is a particle collecting 
tract (PCT) that passes material collected from the 
sediment upwards where it finally accumulates in the 
distal oral groove (DOG), posterior to the labial palps. 
In this illustration, the outer labial palp (OLP) is lifted 
to expose the lamellar inner surfaces of both structures 
and the labial palp pouch (LPO). Between these is 
the proximal oral groove (POG) that extends from the 
anterior end of the distal oral grove and terminates at the 
mouth (not illustrated). In life, when the two palps hang 
down, collected material passing between them from the 
distal to the oral grooves would be subjected to ciliary 
currents on these palp surfaces. The nuculid ctenidial 
- palp proboscides - labial palp junction was defined 
by Stasek (1963) as Category I and illustrated for Acila 
castrensis (figures la and b). 

In broad terms, material potentially acceptable 
for ingestion passes over the apices of the palp 
lamellae towards the proximal oral groove (Figure 
10). Conversely, material potentially unacceptable 
for ingestion, either due to size or unpalatability, is 
passed into the depths of the grooves between adjacent 
palp ridges and towards the palp margins where it is 
transported in an aboral direction back to the palp 
proboscides and rejected. 

Details of the ciliary currents of two ridges that 
coordinate either the acceptance or rejection processes 
on the labial palps of Nucula pusilla are illustrated 
in Figure 11. As described above an orally directed 
acceptance tract is located on the crests of the palp 
ridges and transports material towards the proximal 
oral groove and mouth. In the bases of the grooves 
between the palp ridges are rejection tracts that 
transport unwanted particles towards the margins of 
the palps, where they are then passed aborally and 
rejected. On the oral and aboral surfaces of the palp 
ridges are resorting currents that are relatively simple 
in this ‘deposit’ feeder, compared to other nuculids and 
nuculanids, e.g. Acila castrensis and Yoldia ensifera 
Dali, 1897, respectively, which are able to (reportedly) 
also function as ‘suspension’ feeders and are much more 
complex (Stasek 1961, 1965). 

In Nucula pusilla, inwardly and outwardly directed 
tracts lead towards the tips of the ridges, and 
downwardly directed tracts towards both the oral and 
aboral faces of the palp ridges, meaning that the sorting 
of material for either acceptance or rejection is restricted 
to the apices of the palp ridges. This may be related to 
habitat, bearing in mind the coarse well sorted sand 
habitat of N. pusilla, most palp proboscid-collected 
material will be wholly unsuitable for acceptance and 
would need to be rejected. In this process, the functions 
of the mantle and visceral mass complement the ciliary 
currents of the labial palps. 


OLP 



FIGURE 10 Nucula pusilla. Detail of the labial palp 
- palp proboscide junction showing the 
ciliary currents. (For abbreviations see 
Appendix). 


Oral (Acceptance) 



FIGURE 11 Nucula pusilla. Ciliary currents of two 
ridges and an intervening gutter of the 
labial palps. 



FIGURE 12 Nucula pusilla. Ciliary currents of the left 
mantle lobe. 
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FIGURE 13 Nucula pusilla. Ciliary currents of the 
visceral mass after removal of the right 
mantle lobe, ctenidia and palps. 


R 



FIGURE 14 Nucula pusilla. A. Extended foot as 
seen from above. B. Transverse section 
through the foot with C., a detail of the 
tip of one of the pedal projections. (For 
abbreviations see Appendix). 


In summary, material rejected for ingestion by the 
outer labial palps of Nucula pusilla is collected by the 
ciliary currents of the mantle (Figure 12). These cilia 
pass material downwards and in a broadly posterior 
direction, contributing to a posteriorly directed current 
at the mantle margin in the groove between the general 
mantle surface and the inner mantle fold. At the 
posterior margin of the mantle, all unwanted material is 
rejected from the mantle cavity. 


Similarly, material rejected for ingestion by the 
inner labial palps of Nucula pusilla is collected by the 
ciliary currents of the visceral mass (Figure 13). On the 
dorsal region of the visceral mass, as with the mantle, 
unwanted material is passed downwards in a general 
posterior direction. Conversely, on the ventral region 
at the base of the foot, material is passed upwards and 
in a broadly posterior direction. This latter material 
has not been rejected by the inner labial palps but is 
unwanted material entering the mantle cavity, possibly 
in the inhalant stream, and has to be removed. Both 
ciliary areas contribute to a posteriorly directed rejection 
tract in the mid central region of the visceral mass and 
any material caught in this stream is rejected from the 
mantle cavity. 

The foot 

When seen from above, the extended and expanded 
foot of Nucula pusilla (Figure 14A, F) has the shape of 
a frilled, or stellate, ploughshare, that is, it is steeply 
sharp at the front (anteriorly) but flared outwards 
towards the rear (posteriorly). The marginal frill of the 
foot comprises pedal papillae (PP), the shell sits atop 
the foot to the rear and when the adductor muscles, 
anteriorly (AA) and posteriorly (PA) relax, the foot 
can be extended and, as described above (Figure 3), be 
withdrawn by contraction of the relaxed and extended 
posterior pedal retractor muscle (PPR). 

In transverse section (Figure 14B), the foot of Nucula 
pusilla (F) is laterally bilobed, so when contracted, 
the left and right sides fold downwards so it can be 
withdrawn into the mantle cavity between the shell 
valves. The paired posterior pedal retractors (PPR) 
extend into the visceral mass (VM) and between them, 
dorsally, is the rectum (R). The foot is abyssate (at 
least in the adult) and contains an extensive haemocoel 
(HA), which is expanded when blood is pumped into 
it. Numerous transverse muscle fibres (TF) that link 
opposing epithelia prevent overfilling. 

As noted above, the left and right margins of the foot 
are frilled by stumpy pedal papillae (PP). In transverse 
section (Figure 14C) the tips of these pedal projections 
are swollen terminally, and each swelling has an 
epithelium that comprises apical cells (AC) interspersed 
by distal darkly staining, triangular cells. As with the 
foot, the epithelia of each papilla are interlinked by 
transverse muscle fibres (TF). 

Although no nerve cells have been identified, the 
pedal papillae of Nucula pusilla have the general 
appearance of being sensory. The foot has the same 
frilled structure seen in Solemya parkinsoni illustrated 
in its inflated form by Owen (1961, figure 2D). The 
foot of S. velesiana has the same structure and Taylor 
et al. (2008, figure 12) have shown that the swollen 
apical region of the pedal papillae of this species, as in 
N. pusilla, are sensory and possess numerous, possibly 
chemo- or mechano-receptive pores scattered over their 
surfaces. 
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FIGURE 15 Nucula pusilla. Course of the intestine in 
the visceral mass, as seen from the right 
side. (For abbreviations see Appendix). 


The organs of the visceral mass 

No attempt has been made to identify the structure 
of the stomach of Nucula pusilla due to its minuteness. 
The nuculid stomach has been previously described by 
Graham (1949; N. hartleyi), Purchon (1956; N. nucleus) 
and Owen (1956; N. sulcata) in great detail. The long 
and convoluted intestine in the visceral mass of N. 
pusilla is illustrated from the right side in Figure 15. 
The mouth (M) is located on the postero-ventral base 
of the anterior adductor muscle (AA) and leads into a 
long oesophagus (O), which opens into the stomach 
(ST) anteriorly. The conjoined style sac and midgut 
(CSM) arise from the ventral base of the stomach and 
extend downwards into the visceral mass and, ventrally, 
the midgut (MG) separates from the style sac with an 
upward course, Adjacent to the dorsal region of the 
stomach, the midgut coils a number of times on the 
right side of the visceral mass and eventually becomes 
the hindgut (HG) which passes posteriorly and becomes 
the rectum (R), penetrating the ventricle of the heart 
(H) and looping over the posterior adductor (PA) to 
terminate on the posterior face of this muscle in an anus 
(A). A number of studies have been undertaken on the 
convoluted route of the intestine in other representatives 
of the Nuculidae, e.g. N. proxima Say, 1822 and N. 
annulata Hampson, 1971 by Hampson (1971, figures 2(a) 
and (b)), respectively, and for N. proxima Say, 1822 and 
N. cancellata Meek and Hayden, 1856 by Allen (1978, 
figures 10(a) and 10(b)) respectively. All reveal an 
underlying similarity, the midgut and hindgut are always 
convolute and loop on the right side of the visceral mass 
and reflect the common deposit feeding mode of life 
and source of nutrition. In contrast, Pelseneer (1911) 
reported, that in N. ( =Leionucula ) cumingi (Hinds, 
1843), the rectum passes underneath the heart, not 
through it as in N. pusilla. 

Arising from the postero-ventral end of the stomachs 
of all nuculids (Hampson 1971) is a plump style sac that 
typically contains a protostyle. Histological transverse 


93 

sections through the style sac of Nucula pusilla shows 
the midgut arises from the ventral terminus of the 
style sac and returns dorsally alongside it (Figure 16). 
Morton (1969) described the structure of the style sac of 
the lamellibranch Dreissena polymorpha (Pallas, 1771) 
and showed it to comprise four epithelial types, A, B, C 
and D identified by Kato and Kubomura (1954). In N. 
pusilla, the major epithelial cells are type A (A) and are 
~15 pm tall with long (15 pm) cilia. Type B cells (B) are 
taller (~30 pm) and have similar sized cilia to the A type 
cells. Between these two cell types occur types C and D 
cells (~5 pm tall) as in D. polymorpha, but these cannot 
be differentiated in N. pusilla and there is, instead, a 
simple ciliated gutter (C/D). The contained style (S) is 
a simple amorphous mass of mucus and ingested debris. 
The midgut situated below the style sac is a simple 
ciliated tube (Figure 16). 

Originally, Owen (1956) considered that Nucula 
sulcata only digested ingested material extracellularly 
but subsequently demonstrated that digestion was 
both extra- and intracellular (Owen 1973), these being 
the functions of the style and digestive diverticula 
respectively. The function of the style is enhanced by 
its rotation against the gastric cuticle or shield that lines 
the left side of the stomach of N. sulcata (and N. pusilla 
[Figure 19, GS]) and which is enzymatically active 
(Halton and Owen 1968). 

Comparison with Nucula sulcata 

The style sac and midgut of Nucula sulcata are 
illustrated in transverse section for comparison (Figure 
17). The style sac of N. sulcata has the same A (A) and 
B (B) type cells comprising >90% of the epithelium. In 
this species, however, the C (C) and D (D) type cells are 
clearly differentiated with the former abutting the B type 
epithelium (B) and comprising short (~8 pm) ciliated 
cells and the latter abutting the A type cells (A) and 
comprising a longer row of taller (~12 pm) ciliated cells. 
There is also a simple amorphous style present with 
the style sac, unlike in N. pusilla, enclosed in a thick 
collagen sheath (CS), within which there is a definable 
blood vessel (BV). Unlike N. pusilla, the ciliated midgut 
epithelium of N. sulcata is pleated (PEP) and, as with the 
style sac, the midgut is surrounded by a collagen sheath 
(CS) with a distinctive blood vessel (BV) (Figure 17). 

The visceral mass of both Nucula sulcata and N. 
pusilla contain paired statocysts and are of the same 
structure (Figure 18). In transverse section, the 
statocysts are located above the paired pedal ganglia 
(PED). Each statocyst is ~25 pm in diameter, comprises 
a low, sparsely ciliated, epithelium, and within each 
statocyst is a cluster of tiny (<l-2 pm) crystalline 
statoconia. Morton (1985) described the variation in 
statocyst structure in representatives of the bivalve 
subclass Anomalodesmata. The statocysts of N. pusilla 
conform to type B, (Morton 1985) as they are situated 
above and in contact with the pedal ganglia, but there 
is no distinguishable statolith amongst the array of 
statoconia. 
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FIGURE 16 Nucula pusilla. Transverse sections 
through the style sac and midgut. (For 
abbreviations see Appendix). 


REPRODUCTION 

A transverse section through the posterior region 
of the body of Nucula pusilla (Figure 19), beneath the 
ligament (L) reveals the disposition of the ovaries and 
their size. Most of the capacity of the visceral mass, 
especially dorsally, is filled with large ova (OV) 50 pm 
in diameter each with a large (15 pm) nucleus (N). More 
ventrally is the stomach (ST) with a gastric shield (GS) 
located on its left side and beneath this is the midgut 
(MG). The right side of the visceral mass contains 
further coils of the mid- and hindgut (HG) while the 
left side contains most of the digestive diverticulae 
(DD). The hypobranchial glands (HG) are located in 
the mantle tissues, both left and right and extend (not 
shown) into the ctenidial axes. 

A section through the hypobranchial gland of Nucula 
pusilla shows it comprises two cell types as described 
for A. nucleus by Morton (1977) in both its secretory and 
non-secretory phases. The majority of the gland (Figure 
20) comprises large secretory cells (SC) some up to 50 
pm tall, interspersed apically by inverted flask-shaped 
ciliated cells (CC). In the connective tissues in between 
the internal and external mantle epithelia, are purple 
staining subepithelial secretory cells (SEC). 

The individuals of Nucula pusilla herein reported 



PEP 


FIGURE 17 Nucula sulcata. Transverse sections 
through the style sac and midgut. (For 
abbreviations see Appendix). 


were not brooding eggs. Bergmans (1978) recorded that 
an individual of this species with a 2.90 mm shell length 
contained 22 embryos with shell lengths of -0.45 mm. 
A second individual of 2.92 mm shell length contained 
26 embryos with shell lengths of between 0.41-0.45 mm. 
Bergmans (1978) concluded that the embryos of these 
two individuals were about to begin an independent 
existence. In this case, the individuals of N. pusilla 
of between 0.8 mm and 1.6 mm shell reported in this 
study represent a recently released cohort, whereas the 
individuals of between 2.0 mm and 2.8 mm shell length 
represent a cohort from the previous breeding season. 

DISCUSSION 

Allen (1978) showed that in the deep sea (depths 
of between ~100-3,200 metres) protobranchs might 
account for more than 70% of the bivalve species 
present in a sample and comprise more than 95% of the 
total number of bivalves present. This is in contrast to 
more shallow shelf waters where the protobranchs are 
less common, accounting for between 10 to 15% of the 
numbers of bivalve species present and considerably 
fewer of the total numbers of individuals. On both the 
slope and the shelf, representatives of the Nuculidae are 
the most commonly encountered protobranchs, but not 
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FIGURE 18 Nucula pusilla. Transverse section 
through the paired statocysts. (For 
abbreviations see Appendix). 


L 



FIGURE 19 Nucula pusilla. Transverse section 
through the posterior region of the body 
showing the disposition of the ovaries. 
(For abbreviations see Appendix). 
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SEC 

FIGURE 20 Nucula pusilla. A section through the 
postero-dorsal region of the mantle 
showing the hypobranchial gland. (For 
abbreviations see Appendix). 


95 

in the abyss where they are replaced by representatives 
of the Nuculanidae. 

Nucula pusilla belongs to Allen’s slope and shelf 
category (depths <-100-3,200 metres) and can be 
defined as a shallow shelf, southern temperate, 
mobile, infaunal, deposit feeding (but see below) 
bivalve. In general, nuculids occupy a wide range of 
subtidal sediment types but N. pusilla seems to be 
confined to well sorted inshore coarse sands. This 
study has elaborated aspects of this species biology 
and functional morphology - the latter a reflection of 
its lifestyle and the means by which it is facilitated. 
In most respects, N. pusilla is a typical nuculid and 
thus, as Yonge (1939) believed, representative of 
the primitive, or ancestral condition in the Bivalvia. 
Occurring almost worldwide and at most depths today, 
the many modern representatives of the Nuculidae are 
highly successful and specialised animals. Therefore, 
it is possible to suggest that modern nuculids are a 
window into the ancestry of the Bivalvia and not 
necessarily ‘primitive’. However, the situation in N. 
pusilla is complicated by its small size. 

Runnegar (1978) described how the Early and Middle 
Cambrian rostroconchs, generally considered to be the 
ancestors of the first bivalve Fordilla, were small - less 
than 8 mm in length. The first described species, F. 
troyensis Barrande, 1881 (Pojeta et al. 1973) was only 
a few millimetres long as were the earliest Cambrian 
bivalves contained within genera of Pojetaia Jell, 1980, 
Tuarangia MacKinnon, 1982, Camya Hinz-Schallreuter, 
1995 and Arhouriella Geyer and Streng, 1998 (Elicki 
and Gursu 2009). Despite the high numbers of fossil 
bivalve species now identified, virtually nothing is 
known about their mode of life, although the laterally 
compressed shell form suggests a shallow burrowing, 
endobenthic habit. Thus species of Nucula appear to 
be a model upon which to base interpretations of the 
early bivalve lifestyle. This study identifies anatomical 
features of principal interest to this hypothesis and 
examines whether these result from a miniature body 
form or might be representative of a primitive bivalve 
condition. 

One consequence of miniaturisation might be the 
loss of musculature. Nucula sulcata (Haszprunar 1985) 
possesses both anterior and posterior pedal retractor 
muscles (and a posterior pedal protractor muscle), but 
the former has been lost in N. pusilla. The bivalve 
superfamily Galeommatoidea also have miniaturised 
representatives which are often commensal or parasitic, 
and have loss of musculature. Species of sympatric 
Australian Scintillona, e.g. S. cryptozoica (Hedley, 
1917) and S. daviei Morton, 2008 have both lost their 
pedal retractor muscles (Morton 2008). Similarly, 
the monospecific Chlamydoconchoidea (probably 
Galeommatoidea), represented by Chlamydoconcha 
orcutti Dali, 1884 in Californian waters, shows evidence 
of miniaturisation and the loss and extreme reduction of 
components of its musculature (Morton 1981). However, 
in other respects these species follow the typical bivalve 
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format suggesting that other features of the anatomy of 
N. pusilla may represent a more primitive condition. 

The style sac and its contained structure, the style, 
is usually referred to as a ‘protostyle’ (J.E. Morton 
1971) in the Protobranchia possibly because of (i) its 
assumed affinity to a primitive condition and (ii) its 
simplified unlaminated structure quite distinct from 
the concentrically ringed ‘crystalline’ style of ‘higher’ 
lamellibranchs. The structures fulfill a similar function, 
the release of enzymes that initiate extracellular 
digestion in the stomach, identified for the Nuculidae, 
for example by Owen (1956), and for the bivalves 
in general by Morton (1983). Both style types are 
responsible for the trituration of ingested material in 
the stomach, with their revolving motion due mainly 
to the A and B type cells that make up the style sac 
epithelium. C and D type cells are characteristic of both 
the lamellibranchs with a style sac that is separate from 
the midgut e.g. Dreissena polymorpha (Morton 1969) 
and the protobranchs, e.g. Nucula sulcata. However, the 
style sac of N. pusilla has a much simplified structure 
with type C and D cells unidentifiable. It is possible that 
this may represent a simpler, more primitive condition. 
Similarly, the midgut of N. pusilla is a simple tube 
unlike the longitudinally pleated structure seen in N. 
sulcata. Finally, the style sac and midgut of N. sulcata 
are surrounded by a thick coat of collagen, whereas 
those of N. pusilla are not. This could suggest that the 
former species is a true deposit feeder needing to limit 
amounts taken into the gut, whereas in the latter, less 
sedimentary material is ingested (see below). Therefore, 
it would seem that the simpler style sac of N. pusilla 
and the lack of a collagen coat to the intestine might 
represent a simpler, more primitive ancestral condition 
(see below). 

Graham (1949) studied the stomach of Nucula hartleyi 
and argued that its structure did not (wholly) suggest 
primitiveness but was adapted to the extracellular 
digestion of large amounts of sediment. An analogous 
situation was described by Purchon (1956; 1959) 
who found similarities between the stomachs of the 
Nuculidae and the septibranch representatives of the 
Anomalodesmata, leading him to suggest (Purchon 
1963, page 78) ‘ that the [specialised] Septibranchia 
arose directly from a [primitive] protobranchiate 
ancestor ’. Yonge and Morton (1980) dispelled 
this notion with representatives of the subclass 
Anomalodesmata having no affinity, save an ancient 
phylogenetic one (like all modern bivalves) with the 
Protobranchia. The similarities between the stomachs 
are principally the result of the ingestion of large 
particles of food which is living prey in all families of 
anomalodesmatan ‘septibranchs’, and surface deposits 
in most protobranchs. There is thus a commensurate 
greater importance placed upon extracellular digestion 
in the stomach of representatives of both phylogenies. 

The periostracal groove in the mantle margin of 
Nucula pusilla is extraordinarily long, reaching almost 
to the point of the pallial attachment to the shell at the 


pallial line, compared to N. sulcata where it is very 
short, as it is in the majority of bivalves. The situation 
in the former is clearly not the result of miniaturisation 
since it would be of advantage in a small animal, to 
possess a miniature version of the typical and obviously 
successful bivalve format. This suggests that it may be 
representative of a primitive condition. 

The Stempel’s organ is very simple in Nucula pusilla, 
but extraordinarily complex in N. sulcata (Haszprunar 
1985). This would also suggest a more primitive, 
perhaps basic, condition in N. pusilla with an elaboration 
of the structure in a larger but perhaps more ‘advanced’ 
N. sulcata. 

Most studied representatives of the Nuculidae have 
a lecithotrophic larva, which has a short pelagic life 
that may consist of a few days (Ockelmann 1965). The 
most well known species in this respect is Nucula nitida 
G. B. Sowerby I, 1833 (Thorson 1950) and N. pusilla 
appears to have a similar reproductive strategy in that 
its larvae (adults brood ~20 individuals in the mantle 
cavity (Bergmans 1978)) are lecithotrophic and can only 
have a short pelagic life. In contrast, N. delphinodonta 
Mighels and Adams, 1842 produces a brood sac that is 
attached to the posterior end of the shell (Drew 1901) 
and contains between 20-70 eggs, 210 pm in diameter, 
that may be fertilised in the sac. Hypobranchial glands 
are formed in the dorsal mantle and ctenidial axes about 
the time N. delphinodonta becomes mature, and these 
appear to supply the secretions from which the brood sac 
is formed. N. pusilla has a large hypobranchial gland but 
does not produce a brood sac. Intuitively it would seem 
that the reproductive strategy of N. delphinodonta is 
more advanced and that N. pusilla and many congeners, 
which share this reproductive strategy, are representative 
of a more primitive ancestral condition. 

A consensus view of the four characteristics of 
Nucula pusilla discussed above is that the species seems 
more representative of a primitive nuculid condition. 
Is there any other, possibly conjectural, support 
for this suggestion? Yonge (1959, p. 211) reported 
upon the researches of Miss Joan Mortimer on the 
feeding of post-larval Nucula (species not identified). 
According to Yonge, Miss Mortimer noted that during 
early growth and before the development of the palp 
proboscides, the ctenidia, which develop early and 
have a functional contact with the labial palps, are the 
sole means of food collection. This suggests that in its 
early development this species of Nucula is a ctenidial 
suspension feeder. With continuing development, the 
palp proboscides take over the collection of deposits 
and the ctenidial suspension feeding mode is lost. 
Yonge concluded that the ‘ early appearance of ciliary 
[ctenidial] feeding may indicate how, by a process of 
paedomorphosis, the purely ciliary feeding bivalves 
[the lamellibranch bivalves] came into existence .’ 
Given the importance that Yonge was later to place 
upon the process of paedomorphosis in the evolution 
of the heteromyarian (Yonge and Campbell 1968) and 
ultimately the monomyarian forms in the Bivalvia 
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(Yonge 1953), it is surprising that he did not elaborate 
upon the significance of Miss Mortimer’s observations 
regarding the development of Nucula in any subsequent 
publication. 

In the above context, it is pertinent to note that Drew 
(1901, page 352) wrote of Nucula delphinodonta : ‘The 
posterior and lateral walls of the stomach [the style 
sac] ... secrete a mucus-like material that stains deeply, 
and probably corresponds to the crystalline style. In 
adults this structure seldom takes the form of a rod, but 
in embryos a rod is commonly present.’’ This might be 
taken as further evidence to suggest that a change in 
diet from suspension to detritus feeding occurs in this 
nuculid during ontogeny. If such a change takes place in 
N. pusilla which has evidence of a much more intimate 
connection between the labial palps, palp proboscides 
and ctenidia described (above), and also demonstrated 
for Acila castrensis by Stasek (1961), then a case is 
emerging for nuculids to be considered to represent a 
link between the earliest and ancestral (protobranch) 
and more modern and derived (lamellibranch) bivalves. 
Through the process of paedomorphosis, resulting in 
miniaturisation, seen in the earliest bivalves this may 
represent the means by which the suspension feeding 
lamellibranchs first evolved, only later to return to 
a deposit feeding mode of life in, for example, the 
Tellinoidea (Yonge 1949) and Mactroidea (Morton 2010). 

In conclusion, the initial question of this study 
was to resolve: is the small size of Nucula pusilla the 
result of either primitive or miniature simplicity? The 
answer is probably positive to both. As with many 
(all?) species, form and function result ultimately from 
ancestry and the evolutionary path arising from natural 
selection. However, in this study many of the aspects 
of the morphology and lifestyle of N. pusilla, such as 
the structure of the mantle margin, the structure of 
Stempel’s organ, the simplicity of the intestine and 
mantle cavity, and brooding of fertilised eggs, suggest 
a ‘primitive’, or ancestral nuculid form. On the other 
hand, the overall body plan of N. pusilla suggests 
simplicity resulting from miniaturisation. 

These conclusions, however, raise other interesting 
questions. Could miniaturisation have resulted in the 
return to some of the characteristics of earlier life 
history stages, such as the greater intimacy expressed 
in N. pusilla between the ctenidia, palp proboscides 
and labial palps, suggesting (as proposed by Stasek 
1961) the collection of suspended as well as deposited 
food resources? If this is true, and taking into account 
the observations of Yonge (1959) and Drew (1901) 
discussed above, does this represent the means, through 
paedomorphosis in a nuculid ancestor, by which the 
‘higher’ lamellibranch bivalves have so successfully 
adopted the ctenidial suspension feeding mode of life 
(albeit with a return to deposit feeding in a few) and 
their success in a less circumscribed lifestyle? If this is 
the case, then the tiny N. pusilla might illuminate how 
this has occurred. Interestingly, Ockelmann (1964) 
suggested that the tiny Turtonia minuta (Fabricius, 
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1780), which broods fertilised eggs in an egg capsule 
(as in N. delphinodonta) and has been placed in many 
bivalve superfamilies, including the Galeommatoidea 
discussed above, might be a neotenous veneroidean. 
This suggests that through paedomorphosis, the 
veneroidean T. minuta has reverted to a more ‘spat-like’ 
post larval condition with anatomical modifications, 
including to the mantle, and the adoption of larval 
brooding. An analogy with the Nuculoida and N. pusilla 
is inescapable, although certainly coincidental. 
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APPENDIX Abbreviations used in the figures. 


A 

A cell epithelium of the style sac 

N 

Nucleus 

AA 

Anterior adductor muscle or scar 

O 

Oesophagus 

AN 

Anus 

OD 

Outer demibranch 

AC 

Apical cells 

OLP 

Outer labial palp 

B 

B cell epithelium of the style sac 

OMF 

Outer mantle fold 

BV 

Blood vessel 

OV 

Ovum 

C 

C cell epithelium of the style sac 

OVA 

Ovary 

CC 

Ciliated cell 

PA 

Posterior adductor muscle or scar 

CS 

Collagen sheath 

PCT 

Palp proboscide collection tract 

CSM 

Conjoined style sac and midgut 

PE 

Periostracum 

CT 

Ctenidia 

PED 

Pedal ganglia 

D 

D cell epithelium of the style sac 

PEG 

Periostracal groove 

DD 

Digestive diverticula 

PEP 

Pleated epithelium 

DOG 

Distal oral groove 

PL 

Pallial line 

F 

Foot 

PN 

Pallial nerve 

GS 

Gastric shield 

POG 

Proximal oral groove 

H 

Heart 

PP 

Pedal papillae 

HA 

Haemocoel 

PPR 

Posterior pedal retractor muscle or scar 

HG 

Hindgut 

PRM 

Pallial retractor muscle 

HY 

Hypobranchial gland 

R 

Rectum 

ID 

Inner demibranch 

RPP 

Right palp proboscide 

ILP 

Inner labial palp 

S 

Style 

IMF 

Inner mantle fold 

SEC 

Subepithelial secretory cell 

L 

Ligament 

SC 

Secretory cell 

LPO 

Labial palp pouch 

SO 

Stempel’s organ 

LPP 

Left palp proboscides 

ST 

Statocyst 

LT 

Larval hinge tooth 

STC 

Statoconia 

M 

Mouth 

STO 

Stomach 

MG 

Midgut 

IF 

Transverse muscle fibres 

MMF 

Middle mantle fold 

VM 

Visceral mass 
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ABSTRACT -Two new troglobitic species of silverfish of the genus Trinemura Silvestri are described 
from the semi-arid Pilbara region of Western Australia. A third species is recorded but not described 
due to the lack of a mature male specimen. The deep subterranean habitat of these new species is 
developed within weathered rocks of banded iron formation. The surveyed distributions of each species 
appears confined to proximal landforms which are topographically and geologically isolated from each 
other. Molecular genetic evidence (12S) supports the morphological definition and phylogeographic 
separation. 


KEYWORDS: hypogean, troglobite, iron ore formations 


INTRODUCTION 

Silverfish of the family Nicoletiidae are generally 
collected in caves and other soil-related habitats such 
as under stones or logs; they are primitively eyeless and 
generally lack pigmentation. Smith (1998) reviewed 
the Australian nicoletiid fauna which now comprises 
14 named species in three genera, Trinemura Silvestri, 
1908 (four species); Metrinura Mendes, 1994 (six 
species); Subtrinemura Smith, 1998 (four species), 
finding that species could only confidently be identified 
morphologically based on the secondary sexual 
characteristics of mature males. Some species such 
as Nicoletia phytophila Gervais, 1844, however, are 
able to reproduce parthenogenetically (Picchi 1972) 
and populations known only from females are not 
uncommon. Cave dwelling representatives are known 
in each genus: T. troglophila Smith, 1998 (Cape Range 
karst, Western Australia) and Trinemura sp. (Bat 
Caves, Alice Springs, Northern Territory), S. anemone 
(Smith, 1988) (Bungonia karst, New South Wales) and 
S. spelaea Smith, 1998 (Kangaroo Island karst, South 
Australia), M. russendenensis (Smith and Shipp, 1977) 
(Texas karst, Queensland), Metrinura sp. (Chillagoe 
karst, Queensland) (Smith 1998) and M. subtropica 
Smith, 2006 (Undara lava tubes, Queensland) (Smith 


2006). The remaining named species are recorded from 
endogean habitats. 

Subterranean invertebrates that are restricted to 
hypogean environments such as caves are classified 
as troglobites. They typically possess character traits 
related to subterranean existence (troglomorphisms) 
such as reduction to loss of eyes and dark pigmentation, 
elongation of body, legs, antennae and enhancement 
of non-optic sensory structures (e.g. Camacho 1992; 
Trajano 2005). Distinguishing troglobitic nicoletiids is 
complicated by the eyeless and depigmented characters 
exhibited by the family. Nicoletiids adapted to a strictly 
hypogean existence are characterised by elongated 
body and appendages, and increased body size, whereas 
endogean forms are more robust with relatively shorter 
appendages. 

Historically, most troglobites have been collected from 
caves developed in carbonate rocks such as limestone 
and dolomite. Such karst terrains tend to be hydro- 
geologically discontinuous and ‘patchy’ at a range 
of spatial scales, so a high proportion of troglobitic 
species exhibit naturally small distribution ranges (e.g. 
Gibert and Deharveng 2002). Species with naturally 
small distribution ranges, whether they are hypogean, 
endogean or epigean, are often referred to as ‘short- 
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range endemic’ (SRE) species, or alternatively ‘range- 
restricted 4 or ‘narrow-range’ species (Harvey 2002). 
Because of their small range and typically poor dispersal 
powers, SRE species are vulnerable to extinction from 
habitat loss, habitat degradation, and climate change 
(Harvey et al. 2011). 

Arid and semi-arid environments have traditionally 
been considered poor prospects for sustaining moisture- 
dependent subterranean fauna, however this view has 
been overturned with the discovery of diverse aquatic 
(stygobite) and terrestrial (troglobite) invertebrate 
assemblages in arid and semi-arid regions of Western 
Australia (see for e.g. Harvey et al. 2011; Humphreys 
2008; Eberhard et al. 2005; Guzik et al. 2010). These 
discoveries commenced in caves of the Cape Range 
and Barrow Island karsts, but have since extended to 
encompass many other locations throughout the Pilbara 
and Yilgarn regions (Figure 1). Contrasting with most 
other recognised global hotspots of subterranean 
diversity, which are predominately confined to areas of 
karstic carbonate rocks, much of Western Australia’s 
subterranean diversity has been found in non-carbonate, 
iron ore bearing rocks which do not generally develop 
caves large enough to be entered by humans. This 
hidden component of subterranean diversity has recently 
been revealed through sampling of mineral exploration 
holes and water bores which are drilled by mining 
and water resources development companies. Most 
taxonomic groups recently collected are dominated by 
new taxa which are so far only recognised as putative 
morpho species and/or DNA haplotypes. The paucity 
of a taxonomic framework combined with inherently 
patchy sampling effort and incomplete understanding 
of distribution ranges, poses a significant challenge to 
conservation and environmental impact assessment for 
resources development (Harvey et al. 2011). 

This paper is an initial contribution towards 
overcoming the taxonomic impediment by describing 
two new large species of troglobitic silverfish collected 
from hypogean habitats in iron ore bearing rocks of 
Western Australia’s arid Pilbara region. The collections 
included mature males as well as females and juveniles 
and their morphology is here described and the species 
named. A third smaller species, collected jointly with 
one of the large species, was represented by a female 
with a well developed ovipositor and two males which, 
although of similar or larger head width, did not display 
any secondary sexual modifications and hence could not 
be reliably described. 

MATERIALS AND METHODS 

ABBREVIATIONS 

I-X abdominal segments from anterior to 

posterior are numbered with roman 
numerals 
bp base pairs 

EPA Environmental Protection Authority 

(Western Australia) 
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FIGURE 1 Study area (Yarrie Station) in the Pilbara 
I BRA region of Western Australia. 
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FIGURE 2 Study area on Yarrie Station showing 
elevated ridges and plateaux of iron-ore 
formation, surface drainage and collection 
sites for Trinemura species on Cundaline 
and Callawa ridges which are topographically 
separated by the valley of Eel Creek. 


HW 

head width (always in millimetres) 

H+B 

head and body length 

IBRA 

Interim Biogeographic Region of 
Australia 

Juv. 

juvenile 

L/W 

length to width ratio 

PI, PII, PHI 

prothoracic, mesothoracic and 
metathoracic legs respectively 

PVC 

polyvinyl chloride 

SRE 

short range endemic 

STUDY AREA 



The Pilbara IBRA (20-24°S and 115-122°E) covers 
an area of approximately 178,000 km 2 in the arid north¬ 
west of Western Australia (Environment Australia 
2000) (Figure 1). The climate of the Pilbara region is 
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Subtropical Dry, characterised by very low rainfall, high 
daytime temperature in summer and low winter minima 
(Gentilli 1972). Mean annual rainfall across the region 
ranges between 200 and 350 mm (mostly in summer), 
with high interannual variation associated with irregular 
tropical cyclones. Annual pan evaporation varies from 
3200 mm near the coast to > 4000 mm inland (Bureau 
of Meteorology 1977). 

The study area is located in the Goldsworthy 
Mining Operation on Yarrie pastoral station within the 
catchment of the De Grey River, some 180 km east of 
Port Hedland (Figure 1). The physiography of the study 
area is dominated by a series of ridges and plateaux 
landforms rising 150 m above the surrounding plains 
and alluvial valleys on the northern flank of the De Grey 
River. The geology of the ridges and plateaux landforms 
consists of Archaean-aged banded iron formation of 
the Nimingarra Iron Formation which is mineralised, 
fractured and strongly weathered (Williams 2003). The 
iron formation has a well developed secondary porosity 
associated with hematite ore-bodies that have developed 
within the iron formation horizons which form the 
prominent ridges and plateaux (BHP Billiton 2008). 
This study is focused on a subseries of topographically 
isolated ridges lying within the catchment of Eel Creek 
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and neighbouring tributaries which flow into the De 
Grey River (Figure 2). 

Cundaline ridge is an elongate landform 
approximately 1 km wide and 10 km in length. It is 
topographically connected to Mundarinya Ridge, which 
is approximately 10 km in length and up to 3.5 km 
wide. Callawa ridge is a rectangular-shaped landform 
approximately 5x6 km in area. It is topographically 
separated from Cundaline-Mundarinya ridge by the 
valley of Eel Creek (Figure 3). 

The top of the Callawa and Cundaline ridges are 
perforated by many mineral exploration drill holes up 
to 160 meters deep, which provided the access points 
for sampling subterranean fauna. The local water table, 
which lies between 60 and 120 m below the ridge tops, 
is much higher than beneath the surrounding plains 
owing to limited hydraulic connection between the ridge 
aquifers and the surrounding alluvial plain aquifers. 
The ridges and plains are underlain by basalts and 
granitoid rocks. The ridge aquifers are recharged solely 
by direct local rainfall infiltration. The vegetation on 
the ridges and plains is dominated by Spinifex grassland 
with sparse shrubs (including Acacia ) and small trees 
(.Eucalyptus sp.) (Figure 3). 



FIGURE 3 Callawa Ridge near type locality for Trinemura callawae showing elevated ridges of Nimingarra Iron 
Formation sparsely vegetated with Spinifex grassland. View northeast shows the alluvial valley of Eel Creek 
and Mundarinya-Cundaline Ridge in the distance. 
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COLLECTION METHODS 

Surveys of subterranean fauna at Cundaline and 
Callawa were conducted between 2007 and 2009 as a 
part of BHP Billiton’s extensions to its Goldsworthy 
Iron Ore Mining Operations (Environmental Protection 
Authority 2009; Karanovic et al. 2011; Subterranean 
Ecology 2008a, 2008b, 2009). Terrestrial invertebrates 
were collected from mineral exploration drill holes by 
a combination of litter traps and net haul / scraping 
methods, both are standard approaches used in 
subterranean fauna surveys in Western Australia. Litter 
traps were constructed of 55 mm diameter PVC pipe 
cut to a length of 140 mm. The top of the trap consisted 
of 10 mm aviary mesh to allow invertebrates to enter 
the trap, the bottom was sealed with a PVC cap with 
a small hole to allow excess moisture to drain. Traps 
were loosely filled with leaf litter derived from native 
vegetation. The leaf litter was sterilised by heating in 
a microwave for 10 minutes on high power. The litter 
traps, attached to 2 mm diameter Venetian blind cord, 
were then lowered into vertical or inclined drill holes to 
a depth of approximately 20 metres below the surface. 
The cord was tied off at the surface and the drill holes 
capped with a concrete plug. Litter traps were left in 
place for at least six weeks to allow time for colonisation 
by invertebrates, then retrieved and sealed in zip-lock 
plastic bags for transport to the laboratory, where 
the fauna were extracted using Tullgren funnels, and 
preserved in 100% ethanol. 

The scraping method is based on the net haul method 
used to collect stygofauna (Environmental Protection 
Authority 2007). It involves a plankton net (150 pm 
mesh) of an appropriate diameter approximating two- 
thirds of the drill hole diameter (generally 80-100 mm). 
The net with a weighted vial attached was lowered to 
the base of the drill hole, or one metre below the water 
surface in wet holes), and hauled up in a manner that 
maximised contact with the wall surface, with the aim 
of dislodging and collecting invertebrates. This process 
was repeated four or six times per drill hole with the aim 
of sampling each side of the hole. Scrape samples were 
elutriated on site, preserved in 100% ethanol, labelled 
and sealed in a 30 ml vial for transport to the laboratory 
for sorting and identification. 

SPECIMEN PREPARATION 

A series of measurements of all specimens was 
undertaken according to the method described in Smith 
(1998) where data for other Australian members of 
the genus can also be found. All silverfish specimens 
collected during this survey have been deposited with 
the Western Australian Museum, Perth. Unless specified 
as being mounted on slides, all specimens are stored 
individually in 80 or 100% ethanol. 

Silverfish in general are soft bodied and very fragile 
and difficult to collect and preserve in good condition. 
Subterranean collections are even more difficult as 
the insects are usually much less robust; setae and 
appendages, especially the terminal filaments are 
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easily lost or damaged with repeated handling. Ideally 
specimens should be dissected and slide material 
prepared as soon as possible to minimise further 
deterioration. Furthermore specimens often get covered 
in a fine dust during the collection process hindering 
observation of critical morphological features such 
as the secondary sexual characters at the base of the 
terminal filaments. 

Silverfish were dissected under an Olympus SZ61 
stereomicroscope and drawings made with the aid of 
an Olympus CX31 binocular microscope fitted with a 
U-DA drawing attachment. Tendeiro solution was used 
for the preparation of slide material as the specimens can 
be dissected in 100% ethanol and transferred directly 
into the mounting medium. However this standard 
procedure encountered an unexpected problem where 
the larger setae were found to deform in the Tendeiro 
solution within a week of preparation; they twisted 
and their surfaces developed ridges. This had not been 
seen with any other silverfish species mounted to that 
date in the same medium. A series of evaluations using 
readily available Australiatelura specimens (Zygentoma: 
Ateluridae) including fresh Tendeiro solution, 
different drying temperatures and durations failed to 
reproduce the problem. No problems were seen when 
preparing slides of various lepismatid silverfish species 
(Xenolepisma penangi, 3 species of Heterolepisma and 
2 species of Ctenolepisma ) but the issue recurred (to a 
lesser extent) with more recent Cundaline material dried 
at cool room temperature (<20°C). It would appear that 
there is some interaction of the Tendeiro solution with 
the surface of the macrochaetae of both these large 
species of Trinemura. 

MOLECULAR ANALYSIS 

Six specimens of Zygentoma from Cundaline and 
Callawa (WAM E82742, WAM E82749, WAM E82750, 
WAM E82751, WAM E82753, WAM E82755) were 
sequenced for variation at the mitochondrial small 
ribosomal RNA gene (12S) using the primers SR-N- 
14588 and SR-J-14233 or primers LR-J-13331 and 
SR-N-14588 (Simon et al. 1994; Genbank accession 
#s JQ282160-JQ282165). No specimen of the small 
Trinemura sp. was available when the sequencing was 
conducted. 

Sequences were edited using SEQUENCHER 
software (Gene Codes Corporation, Ann Arbor, MI, 
USA). Alignment was performed with CLUSTAL 
W (Thompson et al. 1994) using default parameters. 
Genetic distances between unique genetic sequences 
(haplotypes) were measured using uncorrected 
p-distances (total percentage of nucleotides different 
between sequences). 

RESULTS 

MOLECULAR ANALYSIS 

The six specimens of Zygentoma were sequenced for 
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TABLE 1 Pair-wise 12S sequence divergence (below diagonal) between specimens of Zygentoma. The standard error is 
shown above the diagonal (in italics). WAM E82742 is from Cundaline, the remainder from Callawa. 


Specimen ID 

WAM E82749 

WAM E82750 

WAM E82751 

WAM E82753 

WAM E82755 

WAM E82742 

WAM E82749 


0.000 

0.000 

0.003 

0.005 

0.013 

WAM E82750 

0.000 


0.000 

0.003 

0.005 

0.013 

WAM E82751 

0.000 

0.000 


0.003 

0.005 

0.013 

WAM E82753 

0.003 

0.003 

0.003 


0.004 

0.013 

WAM E82755 

0.009 

0.009 

0.009 

0.006 


0.013 

WAM E82742 

0.065 

0.065 

0.065 

0.062 

0.062 



a 350-397 bp fragment of the 12S gene. There were four 
unique DNA sequences (= haplotypes) among the six 
specimens, with the three specimens from bore CA0006 
sharing the same haplotype. The three haplotypes of 
Zygentoma from Callawa differed from one another by 
between 0.3 and 0.9% sequence divergence (Table 1). 
The haplotype of Zygentoma from Cundaline differed 
from the Callawa haplotypes by between 6.2 and 6.5% 
sequence divergence (Table 1). 

SYSTEMATICS 

Family Nicoletiidae Escherich, 1905 
Subfamily Subnicoletiinae Mendes, 1988 
Trinemura Silvestri, 1908 

Trinemum Silvestri, 1908: 61. 

TYPE SPECIES 

Trinemura novaehollandiae Silvestri, 1908 by 
monotypy. 

Trinemura callawae sp. nov. 

urn:lsid:zoobank.org:pub:0C4AC372-9BB5-46A7- 

9635-608E7CC7430D 

Figures 4-30 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia'. S (HW 1.30), Yarrie 
Station, Callawa (CA0144-seLN1020) (20°38'19"S, 
120°18T9"E), P. Bell and S. Eberhard, 16 December 
2007, scrape method; dissected and mounted on three 
microscope slides (WAM E82755) Genbank accession 
#JQ282164. 


Paratypes 

Australia: Western Australia: 1 S (HW 1.13), Yarrie 
Station, Callawa (CA0006-seLN6122) (20°38'40"S, 
120°18'23"E), P. Bell and K. Muirhead, 29 July 2008, 
scrape method; leg and antenna on slide, remainder in 
alcohol (WAM E82749) Genbank accession #JQ282160; 
2 $ (both with HW 1.13), same collection data as above 
(WAM E82750, WAM E82751) Genbank accession 
#JQ282162 and #JQ282161; 1 $ (HW 1.00, Yarrie 
Station, Callawa (CA0124-seLN2272) (20°38'53"S, 
120°17'57"E), P. Bell and D. Eberhard, 25 April 2008, 
scrape method (WAM E82753) Genbank accession 
#JQ282163; 1 juv. S (HW 0.63 Yarrie, Callawa 
(CA001 l-seLN2287) (20°38'57"S, 120°18T7"E), P. Bell 
and D. Eberhard, 26 April 2008, scrape method (WAM 
E82752); 1 juv. ? (HW 0.71) Yarrie Station, Callawa 
(CA0011-LN6448) (20°38'57"S, 120°18T7"E) P. Bell, 
31 May 2009, scrape method (WAM E82703); 1 juv. S 
(HW 0.73) Yarrie Station, Callawa (CA0011-LN6448) 
(20°38’57"S, 120°18T7"E) P. Bell, 31 May 2009, scrape 
method (WAM E82704); 1 | (HW 1.23) Yarrie Station, 
Callawa (CA0124-LN6883) (20°38’53"S, 120°17’57"E) P. 
Bell, 14 June 2009, scrape method (WAM E82705); 1 S 
(HW 1.33) Yarrie Station, Callawa (CA0099-LN6945) 
(20°38’40"S, 120°17'32"E) P. Bell, 10 July 2009, scrape 
method (WAM E82706); 1 juv. $ (HW 0.88) Yarrie 
Station, Callawa (CA0009-LN6441) (20°38’34"S, 
120°18'02"E) P. Bell, 31 May 2009, scrape method 
(WAM E82707). 

DIAGNOSIS 

This species is distinguished from congeners by its 
large size, the form of the apophyses on the pedicel and 
scape as well as the short rows of modified setae on both 
the cerci and median dorsal appendage of mature males. 

DESCRIPTION 

Adults 

Quite large species, H+B in preserved specimens 
examined up to 13.10 mm (HW 1.33) but all are quite 
distended and a graphical "reconstruction" of the 
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specimen whereby the tergites are positioned so that 
the intersegmental membranes are just hidden (Figure 
4) suggests a total length in live specimens of 10.7 mm, 
thorax length 3.35 mm or about one third H+B and 
width 1.95 mm; antennae broken in all specimens but 
at least greater than H+B; caudal filaments broken in all 
specimens. 

Head and body lacking scales but covered in scattered 
fine hyaline setae, as well as some stronger setae on the 
disc and margins and quite robust, sometimes apically 
minutely bifurcated, macrochaetae on the margins. 
Hypodermal pigment lacking; colour probably white but 
the specimens covered with film of fine reddish dust, 
making them appear darker. 

Head : wider than long, with several strong 
macrochaetae along the anterior lateral margins above 
the antennae as well as stronger macrochaetae in the 
posterior lateral corners as in Figure 5. Antennae 
elongate; scape of S with strong distal apophysis 
directed ventrally (Figure 6); pedicel of $ with two 
apophyses ventrally (Figure 7), the most proximal 
apophysis thumb-like and somewhat sclerotised, arising 
from the centre of a rosette of glands and the other 
longitudinally broad with numerous glands on the outer 
face; third article with several trichobothria (Figures 6, 
7); most distal preserved subarticles (Figure 8) subequal, 
slightly longer than wide, articles in distal half of 
preserved part of antenna lacking trichobothria, next 
quarter with one trichobothria per four subarticles, next 
eighth with one trichobothria per two subarticles, with 
articles in basal eighth indistinct (much wider than long) 
with two trichobothria per article. Labrum and clypeus 
normal for genus (Figure 5), mandibles (Figure 9) strong 
with well-developed molar region, maxillae (Figure 10) 
of usual form, galea equal in length to lacinia with two 
apical cones that extend beyond the lacinia, pectinate 
process (Figure 11) short, maxillary palp (Figure 10) 
very long in mature specimens with the ultimate article 
about one third longer than the penultimate and both 
articles about four times longer than wide, in juvenile 
specimens these articles are only about two and a half 
times as long as wide, second article with subapical 
ring of strong apically bifurcate setae, third article 
subapically with a few strong apically bifurcate setae 
(Figure 12), ultimate article with six papillae of usual 
form (Figure 13). Labium (Figure 14) very long with 
elongate palp whose penultimate article is twice as long 
as wide, ultimate article with six papillae of usual type. 

Thorax : prothorax with obvious setal collar, all nota 
with some strong apically bifurcate macrochaetae near 
lateral margins, posterior and lateral margins with 
both strong macrochaetae and smaller setae, disc of 
nota with some stronger setae among the hyaline setae 
(Figures 15-17). Legs mostly missing from specimens, 
quite elongate (Figures 18, 20); femur with three strong 
subapical spines and a pair of long macrochaetae and 
sometimes a single more proximal macrochaeta on the 
ventral margin, tibia with several strong macrochaetae 
on ventral margin and one or two strong macrochaetae 
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distally near the dorsal margin, tarsus with four articles 
the basal one being almost as long as the other three 
together, pretarsus (Figure 19) with two strong claws 
with small medial empodial claw; meso and meta tarsi 
more than 10 times longer than wide, tibia three to four 
times longer than wide. 

Abdomen : Abdominal tergites (Figure 21) with 
macrochaetae along posterior margins and some 
stronger setae among hyaline setae on disc, suture with 
paratergites faintly visible on slide material. Urotergite 
X with shallow posterior emargination with two longer 
and one shorter macrochaetae at each of the apical 
angles and between these 1+1 longer setae as well 
as smaller setae over the disc and along the margins 
(Figure 22). 

All urosternites entire (not divided into median 
sternite and 1+1 lateral coxites), urosternite I 
without stronger setae; urosternites II-VIII with 1+1 
submarginal, erect, apically bifurcated macrochaetae 
submedially as well as several setae along posterior 
margins (Figure 23); urosternites III-IX with stylets, 
apical spine of stylets with irregular shape (Figures. 24), 
stylets IX slightly longer than others, eversible vesicles 
lacking, pseudovesicles on urosternite VII; urosternite 
IX with shallow emargination and a few stronger setae 
in indistinct submarginal row; parameres of male 
(Figures 25, 26) with eversible tips, the basal region only 
just extending beyond the short, acute internal processes 
of urosternite IX, the eversible portion extending beyond 
these processes. 

Appendix dorsalis of S basally with some strong 
modified spines ventro-laterally (Figure 27), one or two 
on each side of basal article, 1+1 on short second article 
and 2+2 on third and fourth articles; cerci (Figures 28, 
29) with two to three short modified spines on mediad 
ventral aspect of basal article and four to six on the 
very long second article, macrochaetae on subsequent 
articles in same position not so obviously modified and 
becoming less so distally. 

Female 

As for male except pedicel and scape without 
apophyses; caudal appendages lacking modified setae; 
ovipositor pseudoarticulated (Figure 30) relatively short, 
not extending beyond apices of urostylets IX in largest 
female (WAM E82705 HW 1.23), consisting of eight 
articles in specimens examined. Subgenital plate long, 
narrow and rounded. 

Juveniles 

Stylets fully developed on all abdominal segments 
even in smallest individual (WAM E82752 HW 0.63) 

ETYMOLOGY 

In view of the likely restricted distribution range 
of this and the following species, the species’ names 
of both are derived from the Latinised names of the 
landforms from where they were collected. 
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FIGURES 4-19 Trinemura callawae sp. nov., holotype S (WAM E82755) unless stated otherwise: 4, habitus; 5, 
head; 6, right pedicel, internal lateral view; 7, left pedicel, external lateral view; 8, most apical 
section of antenna; 9, mandible; 10, maxilla (only major setae shown); 11, maxilla, detail of galea 
and lacinia; 12, maxillary palp, chaetotaxy of articles two and three; 13, maxillary palp, detail of 
apex of ultimate article; 14, labium; 15, pronotum; 16, mesonotum; 17, metanotum, circular area 
is air bubble obscuring view; 18, Pll (WAM E82749); 19, same, detail of pretarsus. All scale bars 
0.1 mm unless otherwise indicated. 
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FIGURES 20-30 Trinemura callawae, sp. nov., holotype S (WAM E82755) unless stated otherwise: 20, PI; 21, 
urotergite IV; 22, urotergite X; 23, urosternite N, showing submedial erect apically bifurcated 
macrochaetae; 24, stylet IV; 25, urosternites VIII and IX; 26, paramere; 27, base of terminal 
filaments; 28, genital region and base of terminal filaments; 29, articles from second of cerci; 
30, genital region and ovipositor of $ (WAM E82753). All scale bars 0.1 mm unless otherwise 
indicated. 
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Trinemura cundalinae sp. nov. 

urn:lsid:zoobank.org:pub:0C4AC372-9BB5-46A7- 

9635-608E7CC7430D 

Figures 31-54 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: (HW 1.26) Yarrie 
Station, Cundaline (CU0058-LN7008) (20°32'22"S, 
120°9T2"E), P. Bell, 27 July 2009, scrape method 
(WAM E82692) on 2 slides (head and thorax, abdomen) 

Paratypes 

Australia: Western Australia: 1 9 (HW 1.13 mm), 
Yarrie Station, Cundaline (CU0060R-seLN1093) 
(20°32'26"S, 120°09'18"E), P. Bell and S. Eberhard, 
18 December 2007, scrape method (WAM E82742) 
Genbank accession #JQ282165; 1 $ (HW 1.05) Yarrie 
Station, Cundaline (CU0062-seLN1248) (20°32'29"S, 
120°09'24"E), P. Bell and S. Eberhard, 15 December 
2007, scrape method (WAM E82743), in very poor 
condition; 1 juv. S (HW 0.80) Yarrie Station, Cundaline 
(CU0058-LN7250) (20°32’22"S, 120°9’12"E) P. Bell, 21 
July 2009, trap method (WAM E82684); 1 juv. (HW 

O. 65) same collection data as previous (WAM E82685); 
juv. S (HW 0.70) Yarrie Station, Cundaline (CU0073- 
LN7259) (20°34'27"S, 120°11'53"E) P. Bell, 21 July 2009, 
trap method (WAM E82686); 1 juv. S (HW 0.85) Yarrie 
Station, Cundaline (CU0058-LN6522) (20°32’22"S, 
120°9'12"E) P. Bell, 29 May 2009, scrape method (WAM 
E82687); 1 juv. $ (HW 0.85) Yarrie Station, Cundaline 
(CU0070-LN6525) (20°32T0"S, 120°8’47"E) P. Bell, 
29 May 2009, scrape method (WAM E82688); 1 juv. S 
(HW 0.66) Yarrie Station, Cundaline (CU0046-LN6529) 
(20°32'37"S, 120°9'35"E) P. Bell, 29 May 2009, scrape 
method (WAM E82689); 1 juv. % (HW 0.73) Yarrie 
Station, Cundaline (CU0046-LN6529) (20°32’37"S, 
120°9’35"E) P. Bell, 29 May 2009, scrape method (WAM 
E82690); 1 $ (HW 1.25) Yarrie Station, Cundaline 
(CU0057-LN7261) (20°32’15"S, 120°9’0.5"E) P. Bell, 
21 July 2009, trap method (WAM E82691); 1 juv. f- 
(HW 0.69) Yarrie Station, Cundaline (CU0060-LN7211) 
(20°32’26"S, 120°9T8"E) P. Bell, 21 July 2009, scrape 
method (WAM E82693); 1 S (HW1.00) Yarrie Station, 
Cundaline (CU0285-LN6988) (20°32’49"S, 120°10T'E) 

P. Bell, 8 July 2009, scrape method (WAM E82694); 
1 $ (HW 1.30) Yarrie Station, Cundaline (CU0062- 
LN7010) (20°32’29"S, 120°9'24"E) P. Bell, 21 July 2009, 
scrape method (WAM E82696); 1 $ (HW 1.30) Yarrie 
Station, Cundaline (CU0070-LN7017) (20°32T0"S, 
120°8’47"E) P. Bell, 21 May 2009 (damaged missing 
segments VIII-X), scrape method (WAM E82697); 1 § 
(HW 1.23) Yarrie Station, Cundaline (CU0063-LN7016) 
(20°32’25"S, 120°9T9"E) P. Bell, 21 May 2009, scrape 
method (WAM E82701); 1 juv. $ (HW 0.78) Yarrie 
Station, Cundaline (CU0070-LN7212) (20°32T0"S, 
120°8’47"E) P. Bell, 29 May 2009, scrape method (WAM 
E82702). 


DIAGNOSIS 

Mature males of this species can be distinguished 
from congeners by their large size, the form of the 
apophyses on the pedicel and scape, the short modified 
setae on both the cerci and median dorsal appendage and 
the anemone structures on the cerci and adjacent basal 
integument. The macrochaetae of the legs are noticeably 
shorter and thicker than those of Trinemura callawae in 
both sexes. 

DESCRIPTION 

Adults 

Quite large species (Figure 31), H+B in non-distended 
preserved specimens up to 10.9 mm (HW 1.13 but 
in specimens that have become distended can reach 
14.6 mm (HW 1.30), thorax length 3.18 mm (4.28 in 
distended specimen) and width 1.83 mm or about one 
third H+B; antennae broken in all specimens, longest 
preserved antenna 1.16 times H+B; caudal filaments 
broken in all specimens, longest preserved cerci 0.28 
times H+B. 

Head and body lacking scales but covered in scattered 
fine hyaline setae, and a few stronger setae on the disc 
and margins of the tergites as well as quite robust, 
sometimes minutely apically bifurcated, macrochaetae 
on the margins of most sclerites. Hypodermal pigment 
lacking; colour probably white but specimens covered 
with film of fine reddish dust, making them appear 
darker. 

Head: wider than long, with several strong 
macrochaetae along the anterior lateral margins 
above the antennae (Figures 32, 33) as well as 
stronger macrochaetae in the posterior lateral corners. 
Antennae scape of S with a strong distal, slightly 
hooked apophysis directed ventrally, its apex turned 
slightly mediad (Figure 34), pedicel of $ (Figures 32, 
34) swollen ventrally and medially, outer side with 
subtriangular blade-like process directed ventrally 
with a rosette of glands at its base on the external side 
and another on the internal side more distally, outer 
face with numerous subcircular glands; inner side 
with line of several setae; third article with several 
trichobothria above and below, subsequent articles 
with two trichobothria (Figures 33, 34); more distal 
articles unclearly subdivided (Figure 35), most distally 
preserved subarticles (Figure 36) subequal, slightly 
longer than wide, apparently lacking trichobothria. 
Labrum and clypeus normal for genus (Figure 32), 
mandibles (Figure 37) with small and unusually 
smooth molar region (not showing obvious ridges) but 
rougher texture than strong incisors, internally with two 
approximate rows of short stout pointed setae, the more 
distal row of about 10 setae behind the molar region, the 
second of about 14 setae extending across whole molar 
region and about half of the incisor region; maxillae 
(Figure 38) of usual form for genus, galea equal in 
length to lacinia with two apical cones that extend well 
beyond the lacinia, pectinate process (Figure 39) short, 
followed by seven lamellate processes and then two 
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FIGURES 31-43 Trinemura cundalinae, sp. nov., holotype S (WAM E82692) unless stated otherwise: 31, habitus; 

32, head and base of left antenna; 33, head ($) (WAM E82742); 34, left pedicel, external lateral 
view; 35, mid section of antenna (WAM E82697); 36, most distal preserved articles (WAM 
E82691); 37, mandible; 38, maxilla (only major setae shown); 39, maxilla, detail of galea and 
lacinia; 40, labium (cross-hatched area at least partially obscured by dirt); 41, nota; 42, Pill; 43, 
same, detail of pretarsus. All scale bars 0.1 mm unless otherwise indicated. 
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FIGURES 44-54 Trinemura cundalinae, sp. nov., holotype S (WAM E82692) unless stated otherwise: 44, 
urotergite I; 45, urotergiteV; 46, urotergites VI11—IX; 47, urotergite X (WAM E82684): 48, urotergite 
X, right half; 49, apex of stylet of urosternite VIII; 50, urosternites VI—VIII; 51, urosternite VIII and 
parameres; 52, genital region, ventral aspect; 53, enlargement of base of right cercus; 54, genital 
region and ovipositor of $ (WAM E82742). All scale bars 0.1 mm unless otherwise indicated. 
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parallel rows of short stout setae, maxillary palp of five 
articles (Figure 38), very long in mature specimens (less 
elongate in smaller specimens) covered in numerous 
fine setae, basal article very short, second article with 
subapical rosette of strong setae, middle article apically 
with two(?) stout, apically bifurcate setae, penultimate 
article 2.2-3.9 times longer than wide, ultimate article 
1.2-1.7 times longer than the penultimate, and 3.4-6.4 
times longer than wide with six apical papillae of usual 
form; labium (Figure 40) longer than wide, penultimate 
article of palp in mature specimens about one and a half 
times as long as wide, ultimate article slightly longer 
than penultimate, both of which have some very long 
thin setae, apical article flattened sub-ovate, 1.12-1.46 
times longer than wide with six papillae of usual type. 

Thorax : prothorax with obvious setal collar (Figure 
41), all nota with some strong apically bifurcate 
macrochaetae near lateral margins, posterior and lateral 
margins with both long, strong simple macrochaetae and 
smaller setae, disc of nota without obviously stronger 
setae among the hyaline setae. Legs, often missing 
from specimens, quite elongate (Figure 42) femur with 
macrochaeta two thirds along dorsal margin and two 
stout macrochaetae and between them one thinner 
macrochaeta subapically and a pair of macrochaetae 
subdistally on the ventral margin, tibia of PHI 4.2-6.1 
times longer with four to six stout macrochaetae on 
ventral margin and one stout macrochaetae midway 
along the dorsal margin as well as some small stronger 
macrochaetae subdistally and the usual apical spur, 
tarsus of Pill 10.5-14.9 times longer than wide of four 
articles the basal one being about as long as the other 
three together, pretarsus (Figure 43) with two strong 
claws with medial empodial claw. All macrochaetae 
on the femur and tibia are shorter and stouter than the 
equivalent macrochaetae on Trinemura callawae. 

Abdomen : Abdominal tergites (Figures 44 to 46) with 
several long submarginal macrochaetae along posterior 
margins and scattered hyaline setae on disc, some a little 
longer than others, suture with paratergites distinctly 
visible on mounted material especially on anterior 
segments (almost invisible on IX). Urotergite X with 
almost straight or just slightly concave posterior margin 
with two longer macrochaetae at each of the apical 
angles and a few smaller setae over the disc and along 
the lateral margins (Figures 47, 48). 

Urosternites entire, III-IX with stylets, apical spines 
of stylets robust with complex branched tips (Figure 49); 
eversible vesicles lacking, pseudovesicles on urosternite 
VII (Figure 50); all urosternites with several long, acute, 
backwardly-directed macrochaetae along posterior 
margins, urosternites II (or I?)-VIII also with more 
pigmented 1+1 submarginal, erect, apically bifurcate 
macrochaetae; urosternite IX in <$ (Figure 51) with 
shallow emargination (less than one quarter the length 
of the urosternite) and a few scattered setae; parameres 
(Fig 51) with eversible tips with short, pointed rod-like 
setae, the basal region not extending much beyond the 
short, acute internal processes of urosternite IX, the 
eversible portion extending just beyond these processes. 
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Caudal appendages in all specimens incomplete; 
mature male specimens with basal article of appendix 
dorsalis with three short stout modified setae (Fig 52) on 
each side, basal article of cerci with a glabrous anemone- 
structure on the mediad ventral surface along with three 
short modified spines; two smaller glabrous anemone 
structures are also present on the integument adjacent to 
the base of the cerci, visible only in dissected material 
(Figure 53). Another <$ (WAM E82694 HW1.00) has 
longer sections of cerci and median dorsal appendages 
but these are covered with large amounts of red dust. 
It appears that the cerci have a series of five anemone 
structures, each adjacent to a modified spine, however 
the amount of adhered dust makes this uncertain; the 
modified spines do not extend very far along the cerci 
(not possible to count articles); there are only five to 
seven modified spines on the sides of the medial dorsal 
appendage, then reverting to more normal setae. 

Female 

As for male except pedicel and scape without 
apophyses, pedicel not enlarged; caudal appendages 
lacking modified setae and anemone-structures; 
ovipositor (Figure 54) relatively short, not extending 
beyond apices of urostylets IX, consisting of eight 
articles in specimens examined. Subgenital plate long, 
narrow and rounded (Figure 54). 

Juveniles 

All juveniles (the smallest being WAM E82685 HW 
0.65) had the full series of stylets on urosternites III- 
IX. One S (WAM E82687 HW 0.85) was beginning to 
show the first signs of secondary sexual modification, 
the pedicel was beginning to swell but the apophyses 
had not developed, the cerci and appendix dorsalis (only 
basal articles present) were showing some thickened 
setae but anemone structures were not present. A larger 
S (WAM E82694 HW1.00) displayed all secondary 
sexual characteristics. Juvenile males with HW 0.80 
or below did not show any secondary sexual character 
development. A $ of similar HW (0.85) had an 
ovipositor that was already reaching to half the length of 
the stylets on urosternite IX, whereas juvenile females 
with HW 0.73 had only small lumps developing on the 
posterior edges of urosternites VIII and IX the latter not 
yet reaching beyond the base of stylets IX. 

Trinemura sp. 

Figures 55-57 

MATERIAL EXAMINED 

Australia: Western Australia: 1 S (HW 0.50) Yarrie 
Station, Cundaline (CU0070-LN7017) (20°32’10"S, 
120°8'47"E), P. Bell, 21 May 2009, scrape method 
(WAM E82698); 1 S (HW 0.65) same data as above 
(WAM E82699); $ (HW 0.53) same data as above 
(WAM E82700). 

REMARKS 

Three small silverfish (H+B 4.2-4.6 mm) were found 
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FIGURES 55-57 


Trinemura sp.: 55, genital area of 56, genital area of S (cross-hatched area at least partially 
obscured by dirt); 57, head. All scale bars 0.1 mm. 


in the same tube as a specimen of Trinemura cundalinae 
(WAM E82697). While originally assumed to be 
juveniles, examination revealed that the female, with a 
HW of only 0.53 had a well developed ovipositor (Figure 

55) , stout and extending slightly beyond the apices 
of stylet IX, pseudo-segmented with about 6 articles. 
By comparison females of Trinemura cundalinae 
with HW 0.73 did not show any significant ovipositor 
development. The two males, with HW of 0.50 and 0.65 
did not however show any secondary sexual character 
development on either the terminal filaments (Figure 

56) nor the pedicel (Figure 57) and hence no reliable 
diagnostic features and will not be described here. They 
differ from males of both Trinemura cundalinae and T. 
callawae by having parameres that extend beyond the 
apices of the internal process of coxite IX by about half 
their length; some setae at the base of the cerci appear 
to be very slightly thicker however the visibility was 
obscured by accumulations of dirt in this region. It is 
possible that males of this species develop secondary 
sexual characteristics much later than the females 
begin to mature. However in other Australian species of 
Nicoletiidae the secondary sexual characters are usually 
apparent in males of the same size as females with such 
a well developed ovipositor. 

DISCUSSION 

MORPHOLOGY 

Farge size is a common phenomenon among cave 
adapted insects. At 10.7 and 10.9 mm, respectively, 


Trinemura callawae and T. cundalinae are larger than 
any other described Australian Nicoletiidae species 
(previous largest Subtrinemura excelsa at 9.4 mm, an 
endogean species) but are still significantly smaller 
than other species described from limestone caves in 
Mexico (e.g. up to 29 mm in Squamigera latebricola 
Espinasa, 1999; see Espinasa and Burnham 2004), 
the United States (e.g. up to 20 mm in Texoreddellia 
aquilonalis Espinasa and Giribet, 2009) and Europe (e.g. 
up to 22.4 mm in Squamatinia algharbica Mendes and 
Reboleira, 2012 in Reboleira et al. 2012). T. callawae 
and T. cundalinae can easily be distinguished from other 
described Trinemura by the presence of an apophysis on 
the scape (also seen in Subtrinemura anemone ). 

It is opportune to note here that we have examined and 
recognised additional species of small sized Trinemura 
collected from subterranean habitats at several other 
locations in the Pilbara, which are awaiting description. 
One picture emerging is that there appears to be two 
different groups within hypogean Trinemura. One is 
represented by these larger species with apophyses on 
the pedicella and a second group of smaller species 
where the pedicel is expanded but lacks apophyses. The 
secondary sexual characters on the terminal filaments 
become important in describing these smaller species. 

MOLECULAR ANALYSIS 

Sequence divergence calculated among haplotypes 
showed little divergence between the T. callawae 
haplotypes (0.3 to 0.9 %), but the T. cundalinae 
haplotype differed from those at Callawa by 6.2 to 6.5%. 
T. callawae and T. cundalinae appear to share a common 
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ancestor in the Pilbara based on a phylogenetic analysis 
(not shown), but given the slower rate of evolution in 12S 
compared to COXI (Mueller 2006), the level of sequence 
divergence suggests that the two lineages have been 
isolated from one another for perhaps two million years 
or more. The molecular data has quantified the degree 
of genetic divergence between these two species, which 
are well differentiated on morphological characters in 
mature males. When mature male specimens are not 
available, or their diagnostic appendages have been 
damaged or lost as often the case with these fragile 
animals, we suggest that 12S sequence divergences will 
prove to be a useful taxonomic tool. 

BIOLOGY 

The two described species, with their large size and 
elongate appendages are clearly troglobites specialized 
for a subterranean existence. Morphometric data 
suggests the third smaller, undescribed species has 
only a moderate degree of troglomorphy. The longest 
preserved cerci was >H+B but the L/W ratio of tibia 
and tarsi, while more elongate than the soil-dwelling 
T. novaehollandiae Silvestri, 1908 and T. calcaripalpa 
Smith, 1998 are more in line with those of the soil¬ 
dwelling T. watsoni Smith, 1998 and less elongate than 
the cave dwelling T. troglophila from North West Cape. 

HABITAT 

As part of the environmental assessment 
for the Goldsworthy Iron Ore Mining Operation 
(Environmental Protection Authority 2009), BHP 
Billiton (2008) assessed the geology of the Callawa and 
Cundaline ridges in relation to providing subterranean 
habitat. While the host rocks are mostly fine grained 
and dense banded-iron formation, belonging to the 
Nimingarra Iron Formation, ore-forming weathering 
processes have altered the porosity to form voids and 
cavities, usually measured on a scale of fractions of a 
millimetre although occasional larger (centimetre or 
less commonly on a metre scale) voids occur. Faulting 
has also contributed to the development of secondary 
porosity in otherwise non-porous rock. Drill records 
show that cavities extend throughout the Nimingarra 
Formation to depths of 160 metres (m), however cavities 
are more prevalent at shallower depths (BHP Billiton 
2008). 

Drill holes intersect the entire vertical profile of 
potential habitat, creating an artificial conduit enabling 
terrestrial invertebrates to migrate up and down the 
hole, so the depths at which traps are placed in drill 
holes (typically 20 m) cannot be used to infer the depth 
of habitat. A perched local water table lies between 60 
and 120 m below the surface of the ridges (Subterranean 
Ecology unpublished data) indicating the potential 
depth of unsaturated cavernous habitat available for 
air-breathing subterranean invertebrates. The existence 
of deep subterranean habitats on the Callawa and 
Cundaline ridges is further confirmed by net haul 
sampling undertaken below the water table (i.e. > 60 m 
below surface) which detected several species of aquatic 
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subterranean invertebrates (Karanovic et al. 2011; 
Subterranean Ecology 2008b). 

DISTRIBUTION PATTERNS 

Trinemura callawae and T. cundalinae each appear 
to be endemic to the respective landforms after which 
they are named. The known distribution range of T. 
callawae is confined to the area of exploration drill holes 
sampled in the northeast quarter of Callawa ridge, an 
area of approximately three km 2 . In the absence of any 
obvious habitat discontinuities we infer that the range of 
T. callawae is likely to extend throughout the continuous 
outcrop of Nimingarra Iron Formation comprising 
Callawa ridge, an area of approximately 17 km 2 (Figure 
2). The sampled distribution range of T. cundalinae 
spans an area of approximately 6 km 2 on Cundaline 
ridge. On Cundaline-Mundrayina ridges the area of 
contiguous Nimingarra Formation covers 21 km 2 with 
no obvious geo-topographic barriers that might limit the 
dispersal and distribution of subterranean fauna. 

The Cundaline-Mundrayina iron formation is 
topographically isolated from the Callawa iron 
formation by the alluvial valley and plain occupied by 
Eel Creek. The alluvial plain is about 2 km wide at the 
narrowest point between the iron formations (Figure 
2, 3). The plain consists of a veneer of fine-grained 
alluvial sediments overlying granitoid rocks. The 
shallow depth to watertable (c. < 10 m) would limit the 
depth of unsaturated subterranean habitat available for 
air breathing troglofauna, and while the alluvium could 
be expected to have reasonable primary porosity its 
unconsolidated texture would preclude the development 
of secondary porosity which provides the habitat within 
the iron formations. Accordingly we suggest that the 
alluvial plain presents a phylogeographic barrier to the 
dispersal of Trinemura. 

Trinemura callawae and T. cundalinae meet the 
criteria of short range endemic species. Harvey (2002) 
suggested a nominal distribution range of less than 
10,000 square kilometres as a working definition 
for SRE species, although Eberhard et al.. (2009) 
recommended a smaller area of less than 1,000 square 
kilometres for stygofauna. Many SRE species have even 
smaller ranges and our observations for Trinemura are 
consistent with the distribution patterns documented 
in other groups of Pilbara troglobites, most notably in 
the Robe Valley where pseudoscorpions (Edward and 
Harvey 2008) and schizomids are known to be endemic 
to individual geological formations such as pisolitic 
mesas only a few hundred hectares in area (Harvey et 
al. 2008). The iron formation ridges at Yarrie present a 
similar physiography to the pisolitic mesas in the Robe 
Valley, albeit the Yarrie landforms are slightly larger in 
scale. A series of twelve geo-topographically isolated 
iron formation ridges extends from Callawa ridge in 
the south to Nimingarra ridge in the north, a distance 
of 60 km. We consider it probable that additional 
locally endemic species of Trinemura, and other 
troglobites (including beetles, cockroaches, diplurans, 
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diplopods, arachnids and isopods) will occur in other 
iron formation ridges which remain to be surveyed for 
troglofauna. 

CONCLUSION 

The surveyed distributions of the species 
appears confined to proximal landforms which are 
topographically and geologically isolated from each 
other. Molecular genetic evidence (12S) supports 
the morphological definition and phylogeographic 
separation. These and other Australian troglobitic 
nicoletiids are short range endemic species which may 
be vulnerable to habitat loss, habitat degradation, and 
climate change. 

ACKNOWLEDGEMENTS 

Subterranean Ecology and Terrie Finston acknowledge 
BHP Billiton Iron Ore for funding the survey and 
sequencing work at Goldsworthy Iron Ore Mining 
Operation. 

REFERENCES 

BHP Billiton (2008). Cundaline and Callawa Geological 
Review. Unpublished report prepared by BHP Billiton Iron 
Ore, 22 nd September 2008, 14 pp. Provided as attachment in 
Subterranean Ecology (2008a). 

Bureau of Meteorology (1977). Climatic Atlas of Australia. 

Australian Government Publishing Service: Canberra. 
Camacho, A.I. (1992). A classification of the aquatic and 
terrestrial subterranean environment and their associated 
fauna (pp. 57-103) In: Camacho, A.I. (ed.), The natural 
history of biospeleology. Monografias Museo Nacional de 
Ciencias Naturales. Graficas: Madrid. 

Eberhard, S.M., Halse, S.A. and Humphreys, W.F. (2005). 
Stygofauna in the Pilbara region, north-west Western 
Australia: a review. Journal of the Royal Society of Western 
Australia 88(4): 167-176. 

Eberhard, S.M., Halse, S.A., Williams, M., Scanlon, M.D., 
Cocking, J.S., and Barron, H.J. (2009). Exploring the 
relationship between sampling efficiency and short range 
endemism for groundwater fauna in the Pilbara region, 
Western Australia. Freshwater Biology 54: 885-901. 
Edward, K.L. and Harvey, M.S. (2008). Short-range endemism 
in hypogean environments: the pseudoscorpion genera 
Tyrannochthonius and Lagynochthonius (Pseudoscorpiones: 
Chthoniidae) in the semiarid zone of Western Australia. 
Invertebrate Systematics 22: 259-293. 

Environment Australia (2000). Revision of the Interim 
Biogeographic Regionalisation for Australia (IBRA) 
and development of version 5.1 - Summary report. 37. 
Environment Australia: Canberra. 

Environmental Protection Authority (EPA) (2007). Sampling 
methods and survey considerations for subterranean 
fauna in Western Australia Guidance Statement 54A 
(Draft) Technical Appendix to Guidance Statement No. 54. 
Environmental Protection Authority, Perth. 
Environmental Protection Authority (EPA) (2009). 
Cundaline and Callawa Mining Operations - Report 
and recommendations of the Environmental Protection 


115 

Authority, Perth Western Australia. Report 1338, September 
2009. 

Espinasa, L. and Burnham, B. (2004). Revision of the genus 
Squamigera (Insecta: Zygentoma: Nicoletiidae) with 
descriptions of two new species. Proceedings of the 
Biological Society of Washington. 117(4): 582-593. 

Espinasa, L. and Giribet, G. (2009). Living in the dark - the 
taxonomic status, phylogeography and dispersal capabilities 
of the nicoletiid genus Texoreddellia Wygodzinsky, 1973 
(Hexapoda, Zygentoma, Nicoletiidae) in Texas and Mexico). 
Texas Memorial Museum Speleological Monographs 7(V): 
87-110. 

Gentilli, J. (1972). Australian climate patterns. Thomas Nelson 
and Sons: Melbourne. 

Gibert, J. and Deharveng, L. (2002). Subterranean ecosystems: 
a truncated functional biodiversity. Bioscience 52(6): 
473-481. 

Guzik, M.T., Austin, A.D., Cooper, S., Harvey, M., Humphreys, 
W.F., Bradford, T., Eberhard, S., King, R.A., Leys, R., 
Muirhead, K.A. and Tomlinson, M. (2010). Is the Australian 
subterranean fauna uniquely diverse? Invertebrate 
Systematics 24: 407-418. 

Harvey, M.S. (2002). Short-range endemism among the 
Australian fauna: some examples from non-marine 
environments. Invertebrate Systematics 16: 555-570. 

Harvey, M.S., Berry, O., Edward, K.L. and Humphreys G. 
(2008). Molecular and morphological systematics of 
hypogean schizomids (Schizomida: Hubbardiidae) in 
semiarid Australia. Invertebrate Systematics 22: 167-194. 

Harvey, M.S., Rix, M.G., Framenau, V.W., Hamilton, Z., 
Johnson, M.S., Teale, R., Humphreys, G., Humphreys, 
W.F. (2011). Protecting the innocent: studying short-range 
endemic taxa enhances conservation outcomes. Invertebrate 
Systematics 25: 1-10. 

Humphreys, W.F. (2008). Rising from Down Under: 
developments in subterranean biodiversity in Australia from 
a groundwater fauna perspective. Invertebrate Systematics 
22: 85-101. 

Karanovic, T., Eberhard, S.M., and Murdoch, A. (2011). A 
cladistic analysis and taxonomic revision of Australian 
Metacyclops and Goniocyclops, with description of four 
new species and three new genera (Copepoda, Cyclopoida). 
Crustaceana 84(1): 1-67. 

Mendes, L.F. (1994). Evolutionary relationships among the 
Nicoletiidae (Insecta, Zygentoma). Acta Zoologica Fennica 
195: 98-103. 

Mueller, R.L. (2006). Evolutionary rates, divergence dates 
and the performance of mitochondrial genes in Bayesian 
Phylogenetic analysis. Systematic Biology 55: 289-300. 

Picchi, V.D. (1972). Parthogenic reproduction in the silverfish 
Nicoletia meinerti (Thysanura). Journal of the New York 
Entomological Society 80(1): 2-4. 

Reboleira, A.P.S., Gongalves, F., Oromi, P. and Mendes, L.F. 
(2012). On a remarkable new Coletiniinae collected from 
caves in South Portugal (Zygentoma: Nicoletiidae). Zootaxa 
3260: 33-46. 

Silvestri, F. (1908). Thysanura. In: Michaelsen, W. and 
Hartmeyer, R. (eds), Die Fauna Sudwest-Australiens. 
Ergebnisse der Hamburger siidwestaustralischen 
Forschungsreise 1905. Vol. 2: 47-68. Gustav Fischer: Jena. 

Simon, C., Fratl, F., Beckenbach, A., Crespi, B., Liu, H., Flook, 
P. (1994). Evolution, weighting, and phylogenetic utility 
of mitochondrial gene sequences and a compilation of 


116 

conserved polymerase chain reaction primers. Annals of the 
Entomological Society 87: 651-701. 

Smith, G.B. (1998). Review of the Australian Nicoletiinae 
(Zygentoma: Nicoletiidae). Invertebrate Taxonomy 12: 
135-189. 

Smith, G.B. (2006). New species of Metrinura Mendes 
(Zygentoma: Nicoletiidae) from Queensland, Australia. 
Australian Journal of Entomology 45: 163-167. 
Subterranean Ecology (2008a). Goldsworthy Mining 
Operations, Cundaline and Callawa Mining Operations 
Troglofauna assessment. Unpublished report to BHP 
Billiton. 

Subterranean Ecology (2008b). Goldsworthy Mining 
Operations, Cundaline and Callawa Mining Operations 
Stygofauna assessment. Unpublished report to BHP 
Billiton. 


G.B. SMITH, S.M. EBERHARD, G. PERINA AND T. FINST0N 

Subterranean Ecology (2009). Cundaline and Callawa Mining 
Operations additional targeted troglofauna surveys. 
Unpublished report to BHP Billiton. 

Thompson, J., Higgins, D., and Gibson, T. (1994). CLUSTAL 
W: improving the sensitivity of progressive multiple 
sequence alignment through sequence weighting, position- 
specific gap penalties and weight matrix choice. Nucleic 
Acids Research 22: 4673-4680. doi:10.1093/nar/22.22.4673 

Trajano, E. (2005). Evolution of lineages. In: Culver, D.C. and 
White, W.B. (eds), Encyclopaedia of caves: pp. 230-234. 
Elsevier. 

Williams, I.R. (2003) Yarrie, W.A. (3rd Edition): Western 
Australia Geological Survey, 1:250,000 Geological Series 
Explanatory Notes, 84 pp. 


MANUSCRIPT RECEIVED 20 JANUARY 2012; ACCEPTED 22 AUGUST 2012. 



RECORDS OF THE WESTERN AUSTRALIAN MUSEUM 


27 


1 17-134 (2012) DOI: 10.18195/issn.0312-3162.27(2).2012.117-134 


Two new species of Gehyra (Squamata: 
Gekkonidae) geckos from the north-west 
Kimberley region of Western Australia 

Paul Doughty 16 , Russell Palmer 2 , Mark J. Sistrom 3 , 

Aaron M. Bauer 4 and Stephen C. Donnellan 35 


1 Department of Terrestrial Zoology, Western Australian Museum, 49 Kew St, Welshpool, 
Western Australia, 6016, Australia. 

2 Department of Environment and Conservation, PO Box 51, Wanneroo, 

Western Australia 6946, Australia. 

3 Australian Centre for Evolutionary Biology and Biodiversity, University of Adelaide, Adelaide, 
South Australia, 5000, Australia. 

4 Department of Biology, Villanova University, Villanova, Pennsylvania, 19085, U.S.A. 

5 South Australian Museum, North Terrace, Adelaide, South Australia, 5000, Australia 

6 corresponding author - Paul.Doughty@museum.wa.gov.au 


ABSTRACT - Recent surveys in the Kimberley region of Western Australia have provided new material 
to reassess species diversity in the gecko genus Gehyra. Here we focus on morphological and 
molecular genetic variation within the G. occiderrtalis and G. xenopus groups. We first describe a new 
small-bodied species that has a wedge of granules between the lamellae on the basal part of the toe 
pads, similar to that seen in G. xenopus. This new species has a dorsal pattern comprising transverse 
rows of dark and light spots or lines on a dull reddish-brown background and genetically is not closely 
related to G. xenopus. The second new species is supported as closely related to G. occidentalis, but 
differs by being smaller in body size and having more than 40 precloacal and femoral pores in adult 
males, darker background colouration and pattern with thick dark lines and pale spots or bars (v. large 
dark and pale spots). These findings further add to the large number of endemic species known from 
the rugged, high rainfall zone of the north-west Kimberley. 


KEYWORDS: Kimberley islands, lizard, Mitchell Plateau, mitochondrial DNA, monsoon tropics, ND2, 
Prince Regent River, saxicoline 


INTRODUCTION 

Geckos from the genus Gehyra (Gekkonidae) have 
long been a problematic group owing to interspecific 
morphological conservatism coupled with wide 
variation within some species complexes (Mitchell 
1965; King 1983a, 1983b; Bauer and Henle 1994). 
When morphological variation in chromosomes was 
first investigated in the 1970s and 1980s, researchers 
found that chromosome types could vary widely within 
several species, indicating cryptic diversity (King 1979; 
Moritz 1986). However, recent progress using primarily 
DNA sequencing has been made towards delimiting 
species (Horner 2005; Sistrom et al. 2009) and placing 
Gehyra in a global context (Oliver et al. 2010b; Heinicke 
et al. 2011). The genetic studies done from tissues of 
recently collected specimens, in combination with 


detailed examination of larger series of specimens and 
exploration of poorly collected areas in Australia and the 
Pacific, have greatly facilitated these advances. 

Prior to our study, six species of Gehyra were 
recognised from the Kimberley region of Western 
Australia: G. australis Gray, 1845; G. koira Horner, 
2005 (with two subspecies, G. koira koira and G. koira 
ipsa); G. nana Storr, 1978; G. occidentalis King, 1984; 
G. pilbara Mitchell, 1965; and G. xenopus Storr, 1978. 
Recent surveys of the Kimberley have focussed on the 
topographically rugged north-western region which 
receives significantly higher summer rainfall than 
the rest of the Kimberley. In addition, the north-west 
Kimberley is partly isolated from the Top End and 
Arnhem Land escarpment by extensive areas of low- 
lying savannahs (Bowman et al. 2010) and from the 
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rocky Pilbara region to the south by the Great Sandy 
Desert (Doughty et al. 2011). These factors combine 
to yield an area supporting a large endemic fauna, 
comprised in part of ancient lineages maintained by the 
region’s role as a moist refugia during arid times, and 
in part of groups of varying age that have undergone 
speciation in situ (Cracraft 1991; Slatyer et al. 2007; 
Powney et al. 2010; Doughty 2011; Kohler 2011). 

Recent collections of Gehyra specimens by 
the Western Australian Museum (WAM) and the 
Department of Environment and Conservation, Western 
Australia (DEC) in the Kimberley have focussed on 
the wetter north-west region including the near shore 
islands, the Prince Regent River Nature Reserve 
and Mitchell Plateau. Among the collections are 
diminutive geckos that superficially resemble G. nana 
but share with G. xenopus the wedge of granules on 
the digits. Also encountered were individuals similar 
to G. occidentalis but that are darker and smaller, with 
males possessing numerous pores on the thighs, and 
are well represented in collections from the Bonaparte 
Archipelago in the north-west Kimberley, but also from 
scattered sites on the mainland, generally within 100 km 
of the coast. 

In this paper we focus on specimens that would have 
been generally referable to G. occidentalis or G. xenopus 
from the Kimberley region (Figure 1). Gehyra xenopus 
(up to 80 mm snout-vent length [SVL]) is characterised 
by the presence of a distinctive wedge of granules at the 
base of the toe pad that divides the proximal lamellae, 
a unique feature within Gehyra (Storr 1978; Storr et al. 
1990; Cogger 2000). Gehyra occidentalis was described 
by King (1984a) using chromosomal evidence coupled 
with a morphological appraisal and comparisons with 
G. australis and G. pamela King, 1982. It is a medium¬ 
sized species (up to 70 mm SVL) with a general 
appearance that overlaps that of other taxa from the 
region. Accordingly, DNA sequence data indicate a 
high proportion of misidentifications associated with 
this taxon, including G. nana, G. pilbara and juveniles 
of larger species (Sistrom et al. 2012). Our review is 
therefore timely, as no work has been done on these 
taxa for decades. Here we assess molecular genetic and 
morphological variation within these groups, and we 
describe two new species of Gehyra from the north¬ 
western Kimberley. 

METHODS 

MATERIAL EXAMINED 

For the morphological assessment, we examined 
specimens from the collections of the WAM, including 
all type material, and registration numbers and 
collection information is presented in the type lists and 
in Appendix 1. For the genetic analyses, most material 
was also from the WAM with some samples from the 
South Australian Museum (SAMA; see Appendix 2). 
Genotyped holotypes and paratypes are indicated with 


an asterisk in the type lists. We combined the novel 
genotypes with the data of Sistrom et al. (2009) for 
comparison (specimen details are reported there). 

MOLECULAR GENETICS 

The nucleotide sequence of the mitochondrial NADH 
dehydrogenase subunit 2 ( ND2 ) gene and partial 
sequence of the flanking tRNA TRP gene was determined 
for 63 individuals of Gehyra from the Kimberley 
(Appendix 2) and compared with sequences representing 
all currently recognised species of Gehyra from 
Australia, four species from Oceania and Melanesia 
and three outgroups from the genera Cyrtodactylus, 
Hemiphyllodactylus and Lepidodactylus available from 
Sistrom et al. (2009). DNA was extracted from frozen 
and alcohol preserved liver tissue using a Puregene™ 
DNA Isolation Tissue Kit D-7000a (Gentra Systems) 
following the manufacturer’s guidelines. ND2 and 
partial flanking tRNA were amplified using the primers 
M112F (5' - AAGCTTTCGGGGCCCATACC - 3’) and 
M1123R (5' - GCTTAATTAAAGTGTYTGAGTTGC 
- 3') designed in the flanking methionine and 
alanine tRNAs. Amplifications were carried out in 
25 pL volumes using standard buffer and MgCl, 
concentrations, 0.1 mM each dNTP, 0.2 pM each primer, 
0.75 U AmpliTaq Gold® DNA Polymerase (Applied 
Biosystems) and approximately 100 ng of genomic 
DNA. Thermocycler profiles were: 9 min at 94°C, then 
35 cycles of: 45 s at 94°C, 45 s at 60°C and 1 min at 
72°C for 1 min with a final extension step of 6 min at 
72°C. The PCR product was purified using a Millipore 
Montage® PCR384 Cleanup Kit (Millipore Corporation) 
following the manufacturer’s guidelines. One microlitre 
of purified product was used as template for a BigDye 
Terminator sequencing reaction, which was carried 
out in 20 pL reactions, consisting of 1 pL of BigDye 
(Applied Biosystems), 7 pL of 2.5x buffer and 1 pL of 5 
pmol/pL primer. Sequenced products were separated on 
an Applied Biosystems 3730x1 capillary sequencer. We 
obtained both forward and reverse sequences for each 
PCR product. 

The protein-coding region of ND2 was translated into 
amino acid sequences using the vertebrate mitochondrial 
genetic code and was compared to Gekko gecko 
(GenBank accession EU054288) translations to check 
for unexpected stop codons and frame shifts. Sequence 
alignments were carried out using Geneious version 
5.5.2 (Drummond et al. 2008). GenBank accession 
numbers for the ND2 sequences are JX524068- 
JX524130. 

PHYLOGENETIC ANALYSES 

Phylogenetic analyses used maximum likelihood 
(ML) and Bayesian methods. Aligned sequences were 
partitioned according to codon position and Modeltest 
version 3.06 (Posada and Crandall 1998) was used to 
evaluate different models of nucleotide substitution. 
The model GTR+I+G was selected for all codon 
positions. ML analysis with 100 bootstrap replicates 
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FIGURE 1 Distribution of Gehyra geckos allied to G. occidentalis and G. xenopus in the Kimberley region, Western 
Australia. Numbered points indicate genotyped specimens (see Figure 2). A) Gehyra xenopus - squares, 
xl —9; G. spheniscus sp. nov. - triangles, si-7; B) G. occidentalis - crosses, ol —10; G. multiporosa sp. nov. 
- circles, mi-21. 
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was carried out using the RAxML BlackBox web server 
(Stamatakis 2006; Stamatakis et al. 2008). Bayesian 
analysis was conducted using MrBayes version 3.1 
(Ronquist and Huelsenbeck 2003). Data were partitioned 
for each codon position and branch lengths unlinked. 
Convergence was assessed from multiple runs and plots 
of likelihood against generation. For the final analysis, 
5 million MCMC chains were run, sampled every 100 
generations, with the first 5000 samples discarded 
as burn-in, leaving 95,000 trees for construction of a 
majority rule consensus. Convergence was assessed 
from the effective sample size for each parameter and 
from inspection of plot of likelihood against MCMC 
generation using Tracer version 1.5 (Rambaut and 
Drummond 2007). 

MORPHOLOGY 

Morphological characters (Table 1) were measured 
with a digital calliper to the nearest 0.1 mm, except 
SVL and TailL that were measured with a rule to the 
nearest 0.5 and 1.0 mm, respectively. Scale counts (e.g. 
labial scales, subdigital lamellae) were also scored (see 
Table 1). Notes on reproduction for females were made 
to assess whether taxa laid one or two eggs, but few 
females were gravid. 

RESULTS 

MOLECULAR GENETICS 

The final alignment comprised 1057 base pairs (bp) 
and included 1023 bp of ND2 and 34 bp of tRNA TRP . 
Figure 2 shows a ML phylogram of relationships 
among mitochondrial ND2 nucleotide sequences from 
63 Gehyra, allied to G. occidentalis and G. xenopus, 
from north-western Australia. These geckos fell into 


four main groups, two allied with G. xenopus (typical 
xenopus and smaller, dark form xenopus) and two allied 
with G. occidentalis (typical occidentalis and dark, 
small form occidentalis ). Three of the groups received 
strong support from ML bootstrap proportions and 
Bayesian posterior probabilities, but monophyly of the 
fourth (typical G. occidentalis) did not receive strong 
support in either the ML (bootstrap proportion - 67%) 
or Bayesian (posterior probability - 0.81) analyses. In 
the typical occidentalis group, samples from Yampi 
Sound (ol-o4) formed a well supported sister group to 
the remaining samples that, in addition, formed two well 
supported subgroups: o5 and 06 - 0 IO. Within the latter 
subgroup, individuals from Mt Nyulasy (olO) clustered 
to the exclusion of o6-o9, but this arrangement did not 
receive strong support. Net genetic divergence (D A - Nei 
1987) between the two forms allied with G. occidentalis 
was 6 %, and between the two forms allied with G. 
xenopus was 14%, which is comparable for some other 
sister species pairs of Gehyra (e.g. 14% for G. catenata 
and G. dubia, and 10% for G. minuta and G. variegata). 

MORPHOLOGY 

Examination of specimens revealed diagnostic 
characters that differed among the four major 
mitochondrial lineages (Table 1 and Taxonomy section, 
below). For the two lineages that possess a wedge of 
granules at the base of the toe pads (G. xenopus s.l.), 
body size differed dramatically with a maximum of 46 
v. 77 mm SVL (Figure 3). Dorsal pattern and several 
additional morphological characters also differed 
between the two lineages. Figure 4 shows the toe pads 
of all taxa considered here, and although the wedge of 
granules is present in G. xenopus and the new taxon, 
the latter has fewer lamellae. Storr’s (1978) description 



FIGURE 3 Variation between Gehyra spheniscus sp. nov. paratypes (left) and G. xenopus (right). Scale bar = 1 cm. 
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FIGURE 2 Maximum likelihood phylogram of relationships among mitochondrial ND2 nucleotide sequences from Gehyra 
geckos. Branches in grey denote bootstrap support >70% and Bayesian posterior probabilities >0.95. Codes 
after specimen voucher numbers in the four clades allied with G. occidentalis and G. xenopus refer to localities 
indicated in Figure 1. Key: A - specimens from the South Australian Museum (Adelaide); WR - specimens 
from the Western Australian Museum. 
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and examination of the type of G. xenopus (Figure 5) 
indicates the species is conspecific with the larger- 
bodied lineage, and is corroborated by the sequence data 
from a specimen (WAM R172064) collected at the type 
location (King Edward River [14.8858°S; 126.2033°E]; 
location x9 in Figure 1) in the large-bodied lineage. 

The two major lineages with the general 
characteristics of G. occidentalis differed in body 
size, dorsal pattern and other characters (Figure 6). 
In addition, there was a small-bodied population 
from Kingfisher Island (samples are labelled o5 in 
Figures 1 and 2) with moderate genetic divergence, 
and a large-bodied population from Mt Nyulasy in the 
east Kimberley (labelled olO) with very little genetic 
differentiation from typotypic G. occidentalis (see 
below). Samples from the Yampi Peninsula (ol-o4) were 
similar morphologically to typotypic G. occidentalis, yet 
differed somewhat genetically (Figure 2). Comparison 
of specimens from both lineages with the type of G. 
occidentalis (Figure 5) revealed that the larger, paler 
forms were conspecific with the type of G. occidentalis 
and the smaller, darker form represented a separate 
taxon. This is corroborated by the inclusion of sequence 
from four specimens (WAM R172070, R172089, 
R172092, R172106) of the larger, paler form genetic 
lineage from the holotype locality of G. occidentalis 
(Manning Gorge - location o9 in Figure 1). 

DISTRIBUTION 

Figure 1 shows the distribution of all four lineages 
treated here. The distributions of the two forms allied 
with G. xenopus largely overlap, with records from the 
Mitchell Plateau, Prince Regent River Nature Reserve 
and one near-shore island. Records from Galvans Gorge 
and the King Leopold Ranges extend the distribution of 
the small-bodied form south and inland. The distribution 
of typical G. xenopus extends further along the coast 
from Kalumburu in the north and south of the Walcott 
Inlet. 

The darker, smaller form allied with G. occidentalis 
has a distribution centred on the north-western coast 
of the Kimberley, and only penetrates -100 km inland. 
In contrast, typical G. occidentalis is largely allopatric, 
occurring in the slightly drier south-west (Yampi) and 
southern Kimberley, and in an isolated population at Mt 
Nyulasy in the eastern Kimberley. The two populations 
may overlap in their distributions between Walcott Inlet 
and the southern parts of the Prince Regent River Nature 
Reserve (Figure 1). 

Thus, although overlapping through parts of the 
north-west Kimberley, the distribution of taxa within 
each species pair group indicated different natural 
ranges, supporting the concept of more than two species 
being involved (regional sympatry) and suggestive of 
ecological preferences or physiological differences 
among them. 

TAXONOMIC CONCLUSIONS 

Based on the morphological, molecular genetic and 





FIGURE 4 Close-up views of the fourth toe pads: A, 
Gehyra xenopus ; B, G. spheniscus sp. nov.; 
C, G. occidentalis ; D, G. multiporosa sp. nov. 
Scale bar = 1 cm. 
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FIGURE 5 Holotypes of Gehyra xenopus (left; WAM R56429) and G. occidentalis (right; WAM R83711) in dorsal (upper) 
and lateral (lower) views. 


distributional data, we conclude there is an additional 
species within each of the nominal species treated here. 
Accordingly, below we describe the small-bodied forms 
within each species pair as a new species. 

We also comment here on body size variation in G. 
occidentalis. The occurrence of the isolated, large¬ 
bodied (cf. Figure 6, right-most specimen) Gehyra from 
Mt Nyulasy in the eastern Kimberley was perplexing, 
as it was not referable to any known Gehyra based on 
current understanding of species morphological and 
distributional limits (Storr et al. 1990). However, the 
genetic analyses clearly indicated this population is 
genetically close to topotypic G. occidentalis (Figure 2). 
By contrast, specimens from a small-bodied population 
of G. occidentalis (identified from the genetic analysis) 
from the Kingfisher Island group were originally used as 
paratypes in the description of G. nana by Storr (1978) 
due to their usually small adult body size (mean SVL: 


54 mm, N = 13; RP, unpublished data) and similar dorsal 
pattern. Changes in body size were also accompanied 
by changes in subdigital lamellae counts, commonly 
used in Gehyra taxonomy, resulting in a wide range for 
this and other morphometric characters presented in 
Table 1 for G. occidentalis compared to the other three 
taxa treated here. The eastern and central Kimberley 
region is poorly sampled, other than the Kununurra area, 
Drysdale River National Park and along the sealed Great 
Northern Highway (the only extensively sealed road in 
the Kimberley that largely runs through savannah south 
of the region). Therefore it is possible that G. occidentalis 
occurs continuously from the south-west to the east 
Kimberley and that body size variation is clinal. Recent 
work on Gehyra from southern Australia, however, 
indicates that body size evolution can occur rapidly 
when populations are isolated, especially on remote 
outcrops (Sistrom et al. 2012). This is an interesting 



FIGURE 6 Variation between Gehyra multiporosa sp. nov. paratypes (left) and G. occidentalis (right). Scale bar = 1 cm. 
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area for future investigation and relevant to taxonomic 
investigations if body size is highly labile evolutionarily. 
Furthermore, although the Yampi Peninsula specimens of 
G. occidentalis were somewhat genetically divergent, they 
conformed largely in morphology to other G. occidentalis 
s.s. specimens and so we conservatively do not treat them 
separately here. 

TAXONOMY 

Genus Gehyra Gray, 1834 

TYPE SPECIES 

Gehyra pacifica Gray, 1834 ( =Gehyra oceanica 
[Lesson, 1830]), by monotypy. Note that the date of 
description of Gecko oceanicus has sometimes been 
given as 1826 (e.g. Bauer and Henle 1994; Crombie and 
Pregill 1999), based on Ineich’s (1987) assertion that 
the date of the plate depicting the type and presenting 
the name was published four years in advance of the 
corresponding text. However, a recent comprehensive 
dating of the parts of the zoology of the voyage of the 
Coquille (Cretella 2010) reveals that the relevant plate 
was actually also published in 1830. 

Gehyra spheniscus sp. nov. 

urn:lsid:zoobank.org:pub:667C5E6A-3EE0-46F9-841 A- 
CFAF2D4ABCE3 

Small Wedge-toed Gecko 

Figures 3, 4, 7, 9 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R171591* 
(male), collected from Lower Monjon Rocks, Prince 
Regent River Nature Reserve (15.9775°S; 125.3678°E) on 


25 January 2010 by C.A. Stevenson and R. Somaweera. 
Paratypes 

Australia: Western Australia : WAM R167810* 
(female), Surveyors Pool, Mitchell Plateau (14.6733°S; 
125.7322°E); WAM R168715* (female), Raters Island 
(14.4666°S; 125.5333°E); WAM R171402* and WAM 
R171460 (males), Prince Regent River Nature Reserve 
(15.9897°S; 125.3294°E); WAM R171434 (female) Prince 
Regent River Nature Reserve (16.0000°S; 125.3328°E); 
WAM R171570* (male), Old Beverley Springs Road, 
25 km south of Prince Regent River Nature Reserve 
(16.1763°S; 125.4392°E). 

DIAGNOSIS 

Digits broadly expanded basally and subdigital 
scansors present on all digits of manus and pes. Digit 
I of manus and pes clawless or bearing a minute claw, 
penultimate phalanx of digits II-V free from scansorial 
pad. Body atuberculate. Differs from non-Australian 
Gehyra by lack of extensive webbing between toes 
III and IV and a cutaneous fold along the posterior 
margin of the hindlimb, and the presence of transversely 
widened subcaudal scales. Differs from Australian 
species by small (~ 45 mm SVL) body size and a wedge 
of granules at the base of the expanded terminal pads on 
the digits; further distinguished from G. xenopus by 6 
lamellae on fourth finger and toe, 7 or 8 upper and lower 
labials, single internarial, ~30 interorbital scales, ~25 
precloacal and femoral pores in males in an unbroken 
chevron and dorsal pattern with transverse rows of 
alternating light and dark spots or bars. 

DESCRIPTION OF HOLOTYPE 

Body small (44.0 mm SVL), depressed, with well- 
defined ventro-lateral fold. Head depressed (HeadH = 
35% HeadL), in profile snout moderately long (SnEye = 
39% HeadL) and longer than eye (OrbL = 64% SnEye), 
snout (interorbital/frontal region) slightly convex, 
canthal region slightly raised, forming concavity in 



FIGURE 7 Holotype of Gehyra spheniscus sp. nov. (WAM R171591). Scale bar = 1 cm. 
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between, nostril slightly swollen; head widest behind 
eyes narrowing anteriorly to moderately wide and 
rounded snout; neck constricted to two-thirds maximum 
head width. Scales on top and sides of snout >5 times 
larger than on crown and rest of body; scales in contact 
with nostril - rostral, supranasal, 2 postnasals and first 
supralabial; supra- and infralabials 7; rostral width 2.2 
mm, height 1.4 mm, strongly gabled dorsally, deeply 
furrowed medially, rostral crease -60% of height of 
rostral; internarial 1; nostrils circular and directed 
posterodorsally. Mental length 2.5 mm, triangular, 
penetrating to -middle of inner chin shields; inner chin 
shields in contact with first infralabial; outer chin shield 
less than half height of inner chin shield with rounded 
outer edge, in contact with second infralabial; eye small 
(OrbL = 25% HeadL), pupil oval with crenulated edges; 
above eye a projecting anterior ridge and posterior- 
ventral edge slightly covered by loose skin; ear opening 
small and circular; 32 interorbital scales between 
furrows above eyes. 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; ventral 
scales 2-4 times larger than dorsal scales, flat and slightly 
imbricate; approximately 115 mid-body scale rows; scales 
on limbs as for body. Precloacal and femoral pores 24, 
arranged in a continuous curved chevron with the apex 
pointing anteriorly; cloacal spurs 4 enlarged, rounded and 
projecting scales on both sides of cloacal opening. 

Limbs short (ForeaL = 14% SVL; CrusL = 15% 
SVL), moderately developed; projecting narrow claws 
present on all digits except digit I, claw projects above 
and beyond expanded toe pads, dorsal border of toe 
pad with elongate row of scales forming a fringe; below 
digit a single row of enlarged round to oval tubercles; 
no webbing between digits; subdigital lamellae divided, 
number on fourth finger and toe 6, up to 10 small 
granules forming a narrow triangle at the base of the 
toe pad and separating four proximal lamellae; distal 
two rows of lamellae in contact (Figure 4). Tail long and 
thin, ovoid in cross-section proximally, tapering to a fine 
point; proximal 14 mm of tail original, distal 36 mm 
regenerated; scales on dorsal surface of tail -2 x size of 
scales on body dorsum, arranged in regular rows; ventral 
scales of original tail enlarged (2.5 x 1.1 mm at base) and 
oriented transversely, scales on regenerated portion as 
for original but forming less regular rows. 

Colouration 

In preservative, base colour of dorsum light brown; a 
total of approximately 14 irregular rows of alternating 
pale and dark brown spots or bars from neck to 
hindlimbs; pale markings with thin dark edge, tending 
to form bars on neck and near hindlimbs, dark brown 
markings 1.5-2 times larger than pale markings and 
with less well-defined edges; head as for body but 
spots smaller and denser, no conspicuous dark streaks 
posterior to left eye (skin damaged on right side); 
supralabials and rostral dark brown; dorsal surface of 


limbs with diffuse markings; ventrum pale with diffuse 
pigmentation, infralabials and ventral surface of tail 
slightly darker, palmar and plantar surfaces darkly 
pigmented. In life, as for preserved specimen, but light 
reddish hue to background colour, markings more well- 
defined and eye orange with dark pupil. 

VARIATION 

Table 1 presents variation in meristic characters, 
and Figure 3 shows the range of variation of dorsal 
patterns. Most individuals corresponded well with the 
holotype except as noted below. Females lack pores and 
cloacal spurs. Colouration in life varied from a brown 
background colour to a light red to salmon hue; a thin 
pale vertebral stripe was often present. Alternating 
rows of pale and dark markings were present on all 
specimens, but some tended to join to form transverse 
bars whereas in other specimens there were rows of 
discrete spots (Figure 3). If present, the transverse bars 
were interrupted by the pale vertebral zone. 

HABITAT 

All specimens were collected from areas of rugged 
sandstone. Collection notes mention the tops of open 
sandstone platforms, the top of a large boulder on a 
high outcrop and one specimen from a tree in a wetland 
adjacent to a low rocky ridge. 

DISTRIBUTION 

Confined to the north-west Kimberley region, most 
specimen records occur from the Prince Regent River 
Nature Reserve and the Mitchell Plateau. Also on Katers 
Island adjacent to Mitchell Plateau. There is one record 
near Charnley River Station and a single, older record 
from Galvans Gorge in the Phillips Range, extending the 
distribution southwards and inland (Figure 1). 

ETYMOLOGY 

The epithet spheniscus (Latinized Greek), meaning 
‘a small wedge’ refers to the triangle-shaped wedge of 
granules on the toe pads. Used as a noun in apposition. 

COMPARISON WITH OTHER SPECIES 

Superficially, spotted G. spheniscus individuals resemble 
those of G. nana owing to the latter’s similar small body 
size (-40-50 mm SVL), and they co-occur in the same 
rugged sandstone country of the north-west Kimberley. The 
possession of the triangular patch of granules at the base 
of the digits, however, easily distinguishes G. spheniscus 
sp. nov. from G. nana. In addition, G. nana occurs more 
among boulders and low-lying rocks rather than on 
vertical rock surfaces (RP, pers. obs.). Among species of 
Gehyra, possession of a triangular wedge of granules at 
the base of the toe pad distinguishes G. spheniscus and G. 
xenopus from all other species, and these two species are 
distinguished by many morphological features (see Table 1 
and diagnosis, above). 
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Gehyra multiporosa sp. nov. 

urn:lsid:zoobank.org:pub:667C5E6A-3EE0-46F9-841 A- 
CFAF2D4ABCE3 

Multi-pored Gecko 

Figures 4, 6, 8, 10 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: WAM R167804* 
(male), Surveyors Pool, Mitchell Plateau (14.6733°S; 
125.7322°E) on 9 January 2007 by P. Doughty and C.A. 
Stevenson. 

Paratypes 

Australia: Western Australia: WAM R167890* 
(male), Mitchell Plateau (14.8292°S; 125.7211°E); WAM 
R168177* (female), Boongaree Island (15.0763°S; 
125.1836°E); WAM R168577* (male), Augustus Island 
(15.3500°S; 124.5333°E); WAM R168584* (female), 
Byam Martin Island (15.3833°S; 124.3500°E); WAM 
R171491* (male), Prince Regent River Nature Reserve 
(15.2947°S; 125.4950°E); WAM R171547* (male), Prince 
Regent River Nature Reserve (15.7616°S; 125.2561°E). 

DIAGNOSIS 

Digits broadly expanded basally and subdigital 
scansors present on all digits of manus and pes. Digit 
I of manus and pes clawless or bearing a minute claw, 
penultimate phalanx of digits II-V free from scansorial 
pad. Body atuberculate. Differs from other Australian 
Gehyra by lacking strong skin fold on posterior edge 
of thigh, possessing 6 or 1 divided lamellae (without 
basal wedge of granules), enlarged inner chin shields 
not in contact with second infralabial, strongly gabled 


rostral, >40 precloacal and femoral pores in adult males 
and a dorsal pattern with pale spots and dark spots, or 
transverse bars, on a dark brown background. Further 
distinguished from G. occidentalis by smaller body size, 
darker dorsum and pattern with transverse bars and 
fewer well-defined spots, fewer subdigital lamellae and 
more numerous precloacal and femoral pores. 

DESCRIPTION OF HOLOTYPE 

Body size moderately small (50.0 mm SVL) with 
robust habitus, depressed dorsally, flat ventrally with 
defined ventro-lateral fold. Head moderately depressed 
(HeadD = 45% HeadL), in profile snout moderately long 
(SnEye = 40% HeadL) and longer than eye (OrbL = 66% 
SnEye), snout (interorbital/frontal region) almost straight 
(a slight convexity), canthus rounded and slightly raised 
forming shallow concavity in between, nostril region 
only slightly swollen; in dorsal view head widest behind 
eyes narrowing anteriorly to broadly rounded snout; 
neck constricted to 3/4 maximum head width. Scales 
on top and sides of snout >5 times larger than crown 
and rest of body; scales in contact with nostril - rostral, 
supranasal, 2 postnasals and first supralabial; supra- and 
infralabials 8; rostral width 2.0 mm, height 1.1 mm, 
strongly gabled dorsally, deeply furrowed medially, 
rostral crease -60% of height of rostral; surfaces of labial 
and rostral scales dimpled; internarial 1; nostrils circular 
and directed posterodorsally. Mental 2.3 mm long, 1.9 
mm wide, triangular, not penetrating to middle of inner 
chin shields; elongate inner chin shields not in contact 
with first infralabial (excluded by outer chin shields); 
outer chin shield -60% of height of inner chin shield with 
rounded outer edge, in short contact with first infralabial 
and broad contact with second infralabial; eye small 
(OrbL = 27% HeadL), pupil oval with crenulated edges 
(3 scallops on each side); above eye a projecting anterior 
ridge and posterior-ventral edge slightly covered by loose 



FIGURE 8 Holotype of Gehyra multiporosa sp. nov. (WAM R167804). Scale bar = 1 cm. 
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FIGURE 9 Photo of Gehyra spheniscus sp. nov. in life from Mitchell Plateau, Western Australia (uncollected individual) 
(image: S. MacDonald). 


skin; ear opening small and circular; 31 interorbital 
scales between furrows above eyes. 

Dorsal scales small and homogeneous, juxtaposed, 
moderately rounded with apex slightly posterior; ventral 
scales ~2 times larger than dorsal scales, flat and slightly 
imbricate; approximately 128 mid-body scale rows; 
scales on limbs as for body. Precloacal and femoral pores 
48, arranged in a continuous curved line, chevron-shaped 
medially with the apex pointing anteriorly, distally 
continuing along posterior edge of thigh almost to knee 
in a straight line; cloacal spurs 3 slightly enlarged, 
rounded and projecting scales on both sides of cloacal 
opening. 

Limbs short (ForeaL = 13% SVL; CrusL = 14% SVL), 
moderately developed, especially rear limbs; projecting 
narrow claws present on all digits except digit I (missing 
on right manus), claw projects above and beyond 
expanded toe pads, dorsal edge of toe pad with elongate 
row of scales forming a fringe; below digit a single row 
of enlarged round to oval tubercles increasing in size 
towards toe pads; no conspicuous webbing between 
digits; subdigital lamellae divided, number on fourth 
finger and toe 7 (Figure 4). Tail long and thin, ovoid 
at body, tapering to a fine point; proximal original tail 
7 mm from cloaca, distal regenerated portion 46 mm; 



FIGURE 10 Photograph of Gehyra multiporosa sp. nov. 

from Doongan Station, Western Australia 
(uncollected individual) (image: H. Cook). 
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scales on dorsal surface of original tail ~2 x size of scales 
on body, flattened and arranged in neat concentric rows; 
ventral scales of original tails enlarged (2.5 x 1.5 mm at 
base) and oriented transversely, scales on regenerated 
portion as for original but forming less ordered rows. 

Colouration 

In preservative, dark brown background colour on 
dorsum; a total of approximately 9 rows of dark brown 
bars (posteriorly) or spots (anteriorly) on dorsum (from 
neck to hindlimbs), interspersed with diffuse pale 
markings or spots; head as for body but dark spots 
smaller and denser, a conspicuous dark streak posterior 
to middle of eye, shorter and thinner streaks behind 
upper edge of eye; supralabials, rostral and lower sides 
of snout dark brown; dorsal surface of limbs with diffuse 
markings; ventrum pale with diffuse pigmentation, 
infralabials and ventral surface of tail slightly darker, 
palmar and plantar surfaces darkly pigmented. In life, 
as for preserved specimen, but light reddish hue to 
background colour and pale markings more defined, 
especially on head; eye orange with dark pupil. 

VARIATION 

Table 1 shows variation in meristic characters, and 
most individuals corresponded well with the holotype 
except as noted below. Females lacked pores and the 
cloacal spurs of males. Males over 50 mm SVL all had 
>40 pores, whereas two males with SVLs of 46 and 47 
mm had 20 and 22 pores, respectively. Colouration in life 
varied from a dark greyish-brown background colour to 
a light red to salmon hue. Dark markings usually formed 
transverse bars and were larger than pale markings; pale 
markings were often spots but could also form bars; 
alternating rows of the dark and pale markings was 
strong in some specimens compared to the less ordered 
pattern in the holotype. Other specimens had a vertebral 
zone or thinner stripe of lighter pigment that interrupted 
any transverse markings, and some specimens had a dark 
line along the canthus. 

HABITAT AND ECOLOGY 

Specimens have been encountered largely on rock 
faces around sandstone platforms and boulders and 
also from basalt (volcanic) rocks. Collection notes also 
indicate specimens being found in rainforest gullies and 
around rocky creeks, possibly indicating a preference 
for moist microhabitats. Individuals were also observed 
perched on trunks or branches of dead trees (usually 
Acacia with rough bark) along rocky sandstone creeks 
that lacked extensive rock faces. Shea et al. (1988) noted a 
‘G. occidentalism on a tree in open woodland over laterite 
on the Mitchell Plateau. They also reported observing 
a group of geckos around oozing sap high in a eucalypt 
tree that were potentially this species. On a number of 
occasions, G. multiporosa sp. nov. was also trapped in 


funnel traps set in rocky sandstone habitat with spinifex 
during the Kimberley Islands survey (RP, unpublished 
data). On surveyed islands in the Kimberley, G. 
multiporosa sp. nov. and its sister species G. occidentalis 
are allopatric, but they do co-occur with G. nan a, G. 
xenopus and G. spheniscus sp. nov. on islands. 

DISTRIBUTION 

This species is confined to the north-west Kimberley 
region, generally within 100 km of the coastline from 
the Mitchell Plateau to Walcott Inlet. Also occurs on 
many offshore islands from Cape Voltaire to Doubtful 
Bay, including most of the larger (>500 ha) islands in the 
Bonaparte Archipelago from Katers Island in the north 
through to Byam Martin Island in Camden Sound, and 
further south to Storr Island and an un-named island in 
the Doubtful Bay area. 

ETYMOLOGY 

Derived from multi (Latin) meaning ‘many’ and 
porus (Latinized from the Greek poros ) meaning hole, 
in reference to the precloacal pores; thus, ‘many-pored’ 
in reference to the diagnostic character compared to its 
sister species G. occidentalis. Used as an adjective. 

COMPARISON WITH OTHER SPECIES 

Compared to other Gehyra from the Kimberley, G. 
multiporosa has a moderate body size and somewhat 
obscure dorsal pattern that overlaps with that of many 
other species from the region. This is evidenced by 
the inclusion of six specimens of G. multiporosa sp. 
nov. as G. nana paratypes and one as a paratype of G. 
occidentalis. Possession of divided lamellae without a 
wedge of granules distinguishes it from G. australis 
and G. koira (undivided lamellae) and G. xenopus and 
G. spheniscus (wedge of granules). Gehyra nana is 
smaller and possesses scattered spots. Gehyra pilbara 
from the southern Kimberley have a much shorter 
snout, a flat-topped rostral scale, and narrower and 
shorter chin shields. These taxa are not known to 
occur sympatrically but they may overlap in the poorly 
surveyed Harding Range north of Walcott Inlet. 

Gehyra multiporosa sp. nov. is most similar to its 
sister species, G. occidentalis, but differs by having 
a darker background colouration with less defined 
markings, dimpled labial and rostral scales and fewer 
labial scales and subdigital lamellae. As these sister taxa 
are ecologically similar, they appear to be allopatric 
on islands (RP, unpublished data) and the mainland, 
although they may overlap in their distributions in the 
Harding, Edkins and possibly the Caroline Ranges 
between Walcott Inlet and the southern parts of the 
Prince Regent Nature Reserve (Figure 1). In general 
terms, G. multiporosa sp. nov. occupies the wetter 
(>1000 mm) part of the north-west Kimberley and G. 
occidentalis the slightly drier southern, south-west 
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(Yampi) and central parts of the Kimberley plateau. 

DISCUSSION 

The combination of the confused taxonomy of Gehyra 
plus the lack of knowledge of the Kimberley fauna has 
made revision of Kimberley Gehyra difficult. Although 
several specimens of each taxon were collected in 
the 1970s and 1980s, both species descriptions were 
reliant on new material (vouchers and associated tissue 
samples) collected only in the past five years through 
recent WAM and DEC surveys (e.g. Doughty 2011; 
Gibson and McKenzie 2012). In addition, the application 
of molecular genetic techniques to problems within 
Gehyra has resulted in another strong line of evidence 
to begin to search for characters that can discriminate 
between species-level genetic divergences (see also 
Sistrom et al. 2009). In the case of G. spheniscus sp. 
nov., morphology and genetics both played a significant 
role, as this species is morphologically distinct and not 
closely related to G. xenopus. For G. occidentalis and 
G. multiporosa sp. nov., the genetic data was essential 
as the appearance of these species overlaps with several 
other taxa. In addition, the problem with Gehyra of 
patterns and colouration being lost in preservative 
in older specimens leads to many misidentifications. 
Molecular genetics also resolved the affinities of the 
population of G. occidentalis on Kingfisher Island with 
small body size (with some older specimens nominated 
by Storr [1978] as paratypes of G. nana ) and the large¬ 
bodied population from Mt Nyulasy in the eastern 
Kimberley which was closely related to G. occidentalis 
s.s. The variation in body size among G. occidentalis 
populations in the Kimberley may mirror the pattern 
seen in body size evolution in Gehyra from South 
Australia (Sistrom et al. 2012) where large differences 
in body size exist among populations with few genetic 
differences among them (see also Doughty et al. 2008 
for an example with Diplodactylus granariensis ). 

The description of two species of Gehyra brings the 
number of described lizard species from the northern 
Kimberley region to 89, including 25 endemic species. 
Although the Kimberley region is recognised as a 
centre of endemism within the Australian landscape 
(Cracraft 1991; Slatyer et al. 2007; Bowman et al. 2010), 
there are still significant questions regarding the true 
number of species from the region and the limits of 
species boundaries. Distinctive new species of plants, 
snails and frogs are still being discovered at high rates, 
despite the region being subjected to sporadic surveys 
since the 1970s (Shea and Johnston 1987; Smith and 
Johnstone 1991; Solem and McKenzie 1991; Barrett 
2006; Doughty 2011; Kohler 2011; Bauer and Doughty 
2012). In addition, new collections of plants and animals 
have resulted in larger series that have enabled workers 
to detect consistent differences among new candidate 
taxa within what were believed to be variable species 


(e.g. Horner 2005; Oliver et al. 2010b; Pepper et al. 
2011; this study). For these reasons, current estimates 
of species diversity are likely to be much lower than the 
true species diversity, a consideration that should factor 
in any decisions regarding conservation planning. 

Rocky regions can provide several key features that 
may lead to elevated speciation rates and or lower 
extinction rates. First, topographical relief provides 
a more complex environment than flatter savannahs 
or sandy deserts. For example, animals adapted for 
climbing trees can shift to a vertical rock surface 
(e.g. Litoria frogs, Oedura geckos, small-bodied 
Varanus lizards). Second, rocky areas provide moist 
microhabitats by possessing a complex structure that 
maintains a humid microhabitat for organisms that 
can persist through periods of harsher environmental 
conditions (Couper and Hoskin 2009; Bowman et al. 
2010; Pepper et al. 2011). Third, rocky areas surrounded 
by different habitats may result in speciation if long 
distance colonisation to a different rocky area occurs 
(Oliver et al. 2010b; Doughty et al. 2011; Pepper et 
al. 2011). In the case of the Gehyra presented here, it 
seems likely that the north-west Kimberley has provided 
moist refugia with a complex topography where in situ 
speciation has occurred. 

ACKNOWLEDGEMENTS 

For funding of fieldwork we thank Alcoa of Australia, 
DEC, the Australian Biological Resources Study 
(grant number 207-43) and W.H. and M. Butler. The 
Kimberley Islands survey was possible through a 
research agreement with the Kimberley Fand Council 
for the Balanggarra, Bardi-Jawi, Wanjina-Wunggurr 
Dambimangari, Mayala and Wanjina-Wunggurr 
Uunguu native title groups, with funding provided by 
the Natural Heritage Trust and DEC. We thank our 
field colleagues during Kimberley Gehyra collection, 
especially C. Stevenson, M. and R. Barrett, P. Kendrick, 
D. Pearson, F. Gibson, V. Kessner, R. Teale, M. Cowan, 
N. McKenzie, R. Somaweera, M. Pepper, G. Sparkes, B. 
Maher and T. Anders. We thank J. Daza and V. Reynen 
for assistance with images in the lab, S. MacDonald and 
H. Cook for use of live photographs and K. Armstrong 
and S. Potter for some of the DNA sequencing. A 
residency at Villanova University by PD was made 
possible by a fellowship from the Winston Churchill 
Trust, with assistance from C. Stevenson and T. Parkin 
for specimen loans. AMB was supported by grant DEB 
0844523 from the National Science Foundation (U.S.A.). 

REFERENCES 

Barrett, R.L. (2006). A review of Planchonia (Lecythidaceae) 
in Australia. Australian Systematic Botany 19 : 147-153. 
Bauer, A.M. and Doughty, P. (2012). A new bent-toed 
gecko (Squamata: Gekkonidae: Cyrtodactylus) from the 
Kimberley region, Western Australia. Zootaxa 3187 : 32-42. 


132 


P. DOUGHTY, R. PALMER, M.J. SISTROM, A.M. BAUER AND S.C. DONNELLAN 


Bauer, A.M. and Henle, K. (1994). Das Tierreich 109. 
Gekkonidae. Part 1, Australia and Oceania. Walter De 
Gruyter Publishers: Berlin. 

Bowman, D.M.J.S., Brown, G.K., Braby, M.F., Brown, J.R., 
Cook, L.G., Crisp, M.D., Ford, F„ Haberle, S., Hughes, J„ 
Isagi, Y., Joseph, L., McBride, J., Nelson, G. and Ladiges, 
P.Y. (2010). Biogeography of the Australian monsoon 
tropics. Journal of Biogeography 37: 201-216. 

Cogger, H.G. (2000). Reptiles and amphibians of Australia. 
Sixth edition. Reed New Holland: Sydney. 

Couper, P.J. and Hoskin, C.J. (2008). Litho-refugia: the 
importance of rock landscapes for the long-term persistence 
of Australian rainforest fauna. Australian Zoologist 34: 
554-560. 

Cracraft, J. (1991). Patterns of diversification within continental 
biotas: hierarchical congruence among the areas of 
endemism in Australian vertebrates. Australian Systematic 
Biology 4: 211-227. 

Cretella, M. (2010). The complete collation and dating of 
the section Zoologie of the Coquille voyage. Bolletino 
Malacologico 46: 83-103. 

Crombie, R.I. and Pregill, G.K. (1999). A checklist of the 
herpetofauna of the Palau Islands (Republic of Belau), 
Oceania. Herpetological Monographs 13: 29-80. 

Doughty, P. (2011). An emerging frog diversity hotspot in the 
northwest Kimberley of Western Australia: another new 
frog species from the high rainfall zone. Records of the 
Western Australian Museum 26: 209-216. 

Doughty, P., Oliver, P. and Adams, M. (2008). Systematics 
of stone geckos in the genus Diplodactylus (Reptilia: 
Diplodactylidae) from northwestern Australia, with a 
description of a new species from the Northwest Cape, 
Western Australia. Records of the Western Australian 
Museum 24: 247-265. 

Doughty, P., Rolfe, J.K., Burbidge, A.H., Pearson, D.J. and 
Kendrick, P.G. (2011). Herpetologial assemblages of the 
Pilbara biogeographic region, Western Australia: ecological 
associations, biogeographic patterns and conservations. 
Records of the Western Australian Museum, Supplement 
78: 315-341. 

Drummond, A. J., Ashton, B., Cheung, M., Heled, J., Kearse, 
M., Moir, R., Stones-Havas, S., Thierer, T. and Wilson, A. 
(2008). Geneious v4.0, available from http://www.geneious. 
com/ 

Gibson, L.A. and McKenzie, N.L. (2012). Identification 
of biodiversity assets of selected Kimberley islands: 
background and implementation. Records of the Western 
Australian Museum, Supplement 81: 1-14. 

Greer, A.E. (1989). The biology and evolution of Australian 
lizards. Surrey Beatty and Sons: Sydney. 

Heinicke, M.P., Greenbaum, E., Jackman, T.R. and Bauer, 
A.M. (2011). Phylogeny of a trans-Wallacean radiation 
(Squamata, Gekkonidae, Gehyra) supports a single early 
colonization of Australia. Zoologica Scripta 40: 584-602. 

Horner, P. (2005). Gehyra koira sp. nov. (Reptilia: Gekkonidae), 
a new species of lizard with two allopatric subspecies from 
the Ord-Victoria region of north-western Australia and a 
key to the Gehyra australis species complex. The Beagle 
21: 165-174. 

Ineich, I. (1987). Recherches sur le peuplement et revolution 
des reptiles terrestres de Polynesie frangais. Ph.D. 


dissertation, Universite des Sciences et Techniques du 
Languedoc: Montpellier, France. 

King, M. (1982). Karyotypic evolution in Gehyra (Gekkonidae: 
Reptilia). II. A new species from the Alligator Rivers region 
in northern Australia. Australian Journal of Zoology 30: 
93-101. 

King, M. (1983a). The Gehyra australis species complex 
(Sauria: Gekkonidae). Amphibia-Reptilia 4: 147-169. 

King, M. (1983b). Karyotypic evolution in Gehyra (Gekkonidae: 
Reptilia). III. The Gehyra australis complex. Australian 
Journal of Zoology 31: 723-741. 

King, M. (1984a). A new species of Gehyra (Reptilia: 
Gekkonidae) from northern Western Australia. 
Transactions of the Royal Society of South Australia 108: 
113-117. 

King, M. (1984b). Three new species of Oedura (Reptilia: 
Gekkonidae) from the Mitchell Plateau of North Western 
Australia. Amphibia-Reptilia 5: 329-337. 

Kohler, F. (2011). The camaenid species of the Kimberley 
Islands, Western Australia (Stylommatophora: Helicoidea). 
Malacologia 54: 203-406. 

Mitchell, F.J. (1965). Australian geckos assigned to the genus 
Gehyra Gray (Reptilia, Gekkonidae). Senckenbergiana 
Biologica 46: 287-319. 

Mortiz, C. (1986). The population biology of Gehyra 
(Gekkonidae): chromosome change and speciation. 
Systematic Zoology 35: 46-67. 

Nei, M. (1987). Molecular evolutionary genetics. Columbia 
University Press: New York. 

Oliver, P., Adams, M.A. and Doughty, P. (2010a). Molecular 
evidence for ten species and Oligo-Miocene vicariance 
within a nominal Australian gecko species ( Crenadactylus 
ocellatus, Diplodactylidae). BMC Evolutionary Biology 10: 
386 (11 pp.). 

Oliver, P., Sistrom, M.J., Tjaturadi, B., Krey, K. and Richards, 
S. (2010b). On the status and relationships of the gecko 
species Gehyra barea Kopstein 1926, with description of 
new specimens and a range extension. Zootaxa 2354: 45-55. 
Pepper, M., Fujita, M.K., Moritz, C. and Keogh, J.S. (2011). 
Palaeoclimate change drove diversification among isolated 
mountain refugia in the Australian arid zone. Molecular 
Ecology 20: 1529-1545. 

Posada, D. and Crandall, K.A. (1998). Modeltest: testing the 
model of DNA substitution. Bioinformatics 14: 817-818. 
Powney, G.D., Grenyer, R., Orme, C.D.L., Owens, I.P.F. and 
Meiri, S. (2010). Hot, dry and different: Australian lizard 
richness is unlike that of mammals, amphibians and birds. 
Global Ecology and Biogeography 19: 386-396. 

Rambaut, A. and Drummond, A.J. (2007). Tracer vl.4. 

Available from http://beast.bio.ed.ac.uk/Tracer. 

Ronquist, F. and Huelsenbeck, J.P. (2003). MrBayes 3: Bayesian 
phylogenetic inference under mixed models. Bioinformatics 
19: 1572-1574. 

Shea, G.M. and Johnston, G.R. (1987). A new species of 
Notaden (Anura: Leptodactylidae) from the Kimberley 
Division of Western Australia. Transactions of the Royal 
Society of South Australia 112: 29-37. 

Shea, G.M., Weigel, J., Harwood, A., Floriani, H. and 
Hemsley, C. (1988). Notes on the herpetofauna of Mitchell 
Plateau, Western Australia. Results of the 1987 Australian 


TWO NEW KIMBERLEY GEHYRA 


133 


Herpetological Society field trip to the Kimberleys. 
Herpetofauna 18: 9-20. 

Sistrom, M.J., Hutchinson, M.N., Hutchinson, R.G. and 
Donnellan, S.C. (2009). Molecular phylogeny of Australian 
Gehyra (Squamata: Gekkonidae) and taxonomic revision of 
Gehyra variegata in south-eastern Australia. Zootaxa 2277: 
14-32. 

Sistrom, M., Edwards D.L., Donnellan, S. and Hutchinson, 
M. (2012). Morphological differentiation correlates with 
ecological but not with genetic divergence in a Gehyra 
gecko. Journal of Evolutionary Biology 25: 647-660. 

Slatyer, C., Rosauer, D. and Lemckert, F. (2007). An assessment 
of endemism and species richness patterns in the Australian 
Anura. Journal of Biogeography 34: 583-596. 

Solem, A. and McKenzie, N.L. (1991). The composition of land 
snail assemblages in Kimberley rainforests (pp. 224-263). 
In: McKenzie, N.L., Johnston, R.B. and Kendrick, RG. 


(eds), Kimberley rainforests of Australia. Surrey Beatty and 
Sons: Chipping Norton, Australia. 

Stamatakis, A. (2006) RAxML-VI-HPC: Maximum likelihood- 
based phylogenetic analyses with thousands of taxa and 
mixed models. Bioinformatics 22: 2688-2690. 

Stamatakis, A., Hoover, P. and Rougemont, J. (2008). A 
rapid bootstrap algorithm for the RAxML web-servers. 
Systematic Biology 75: 758-771. 

Storr, G.M. (1978). Seven new gekkonid lizards from Western 
Australia. Records of the Western Australian Museum 6: 
337-352. 

Storr, G.M., Smith, L.A. and Johnstone, R.E. (1990). Lizards 
of Western Australia. III. Geckos and pygopods. Western 
Australian Museum Press: Perth. 


MANUSCRIPT RECEIVED 10 FEBRUARY 2012; ACCEPTED 31 AUGUST 2012. 



134 


P. DOUGHTY, R. PALMER, M.J. SISTROM, A.M. BAUER AND S.C. DONNELLAN 


APPENDIX 1 Additional material examined. All specimens from WAM (prefixes excluded) and from Western 

Australia. Specimens that were also genotyped are indicated by an asterisk. 


Gehyra xenopus 

R127324* (female) - Walcott Inlet (16.4502°S; 
124.7667°E); R138892* (male) - 4.1 km south of 
Donkins Hill (14.9875°S; 125.5069°E); R167763* 
(female), R167764* (female), R167765* (male) - Little 
Mertens Falls, Mitchell Plateau (14.8222°S; 125.7108°E); 
R167807* (male) - Surveyors Pool, Mitchell Plateau 
(14.6733°S; 125.7322°E); R167866 (female) - Mitchell 
Plateau (14.8241°S; 125.7181°E); R168151 (male) and 
R168152* (female) - Prince Regent River Nature 
Reserve (15.5944°S; 125.1872°E); R168792 (male) - 
Middle Osborn Island (14.3166°S; 126.0000°E); R171039 
(female) - Uwins Island (15.2580°S; 124.7986°E); 
R171431 (male) - Monjon Rocks, Prince Regent River 
Nature Reserve (15.9808°S; 125.3706°E); R171493 (male) 
- Prince Regent River Nature Reserve (15.2947°S; 
125.4950°E); R171589 (male) - Little Mertens Falls, 
Mitchell Plateau (14.8222°S; 125.7106°E); R172063 
(male) and R172064* (female), King Edward River 
(14.8858°S; 126.2033°E). 

Gehyra spheniscus sp. nov. 

R77018 (male) - Mertens Falls, Mitchell Plateau 
(14.8166°S; 125.7000°E); R83408 (male) - Galvans 


Gorge (16.8000°S; 125.8500°E); R138898* (male) - 4.1 
km south of Donkins Hill (14.9875°S; 125.5069°E); 
R168722 (juvenile) - Katers Island (14.4666°S; 
125.5333°E); R171506 (female) - Prince Regent River 
Nature Reserve (15.7616°S; 125.2561°E); R171592 
(female) - Lower Monjon Rocks, Prince Regent River 
Nature Reserve (15.9786°S; 125.3672°E). 

Gehyra occidentalis 

R158042 (male; 16.1216°S; 123.7200°E) and R158997 
(male; 16.1194°S; 123.7275°E) - Koolan Island; 
R164773-5*** (females) - Mt Nyulasy (16.7452°S; 
128.2825°E); R168079 and R168194 (female) - Prince 
Regent River Nature Reserve (15.9894°S; 125.3294°E); 
R168447 (male) - Irvine Island (16.0755°S; 123.5508°E); 
R172076* (male) - NW Molema Island (16.2541°S; 
123.8244°E); R172094 (male) - Wulalam Island 
(16.3680°S; 124.2303°E). 

Gehyra multiporosa sp. nov. 

R46883 (male) - Prince Regent River Nature Reserve 
(15.1166°S; 125.5500°E); R167855* (male) - Mitchell 
Plateau (14.8258°S; 125.7208°E); R168581 (female) 
- Jungulu (Darcy) Island (15.2833°S; 124.3833°E); 
R172068 (female) - Storr Island (15.9500°S; 124.5611°E). 


APPENDIX 2 Additional specimens included in the molecular genetic analysis (not listed in the type lists or 

Appendix 1). Abbreviations: South Australian Museum, Adelaide (SAMA); Western Australian 
Museum, Perth (WAM). 


Gehyra xenopus 

SAMA R53962 - Cape Voltaire (14.3500°S; 
125.5833°E); WAM R167808-9 - as for WAM R167807, 
Appendix 1); WAM R168051 - Quail Falls (15.7483°S; 
125.3736°E). 

Gehyra spheniscus sp. nov. 

WAM R171506 - Prince Regent Nature Reserve 
(15.7616°S; 125.2561°E). 

Gehyra occidentalis 

WAM R146018 - Kimbolton homestead (16.6833°S; 
123.8333°E); WAM R168079, WAM R168194 - Bachsten 
Creek (15.9894°S; 125.3294°E); WAM R172070, WAM 
R172089, WAM R172092, WAM R172106 - Manning 
Gorge (16.6555°S; 125.9261°E); WAM R172086 - 
Long Island (16.5575°S; 123.3553°E); WAM R172097 
- Lachlan Island (16.6225°S; 123.4714°E); WAM 
R172112 - Adcock Gorge, Phillips Range (16.8850°S; 
125.8039°E); WAM R172140 (16.0816°S; 124.0750°E), 
WAM R172143 (16.0816°S; 124.0706°E), WAM R172144 


(16.0925°S; 124.0931°E) - Kingfisher Island. 

Gehyra multiporosa sp. nov. 

SAMA R53963 - Cape Voltaire (14.3500°S; 
125.5833°E); WAM R83712 (14.8833°S; 125.7500°E), 
WAM R117901 (14.9116°S; 126.0517°E) - Mitchell 
Plateau; WAM R96949 - Mt Trafalger (15.2805°S; 
125.0681°E); WAM R113968-9 - Old Theda 
(14.8166°S; 126.5000°E); WAM R168148-9 - Camp 
Creek (15.5944°S; 125.1872°E); WAM R168582 - 
Coronation Island (14.9833°S; 124.9167°E); WAM 
R168587 - St Andrew Island (15.3500°S; 125.0000°E); 
WAM R168711, WAM R168732 - Katers Island 
(14.4666°S; 125.5333°E); WAM R168902 - Bigge Island 
(14.6000°S; 125.1167°E); WAM R171501 - Harding 
Range (14.4666°S; 125.5333°E); WAM R172066 - Storr 
Island (15.9508°S; 124.5617°E). 

Gehyra nana 

WAM R172173-4 - King Edward River (type 
location; 14.8852°S; 126.2042°E). 
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Description of Heteromysis (Olivemysis) 
ningaloo new species and interesting 
records of H. (Gnathomysis) harpaxoides 
Bacescu and Bruce (Crustacea: Mysida: 
Mysidae) from Australian coral reefs 
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ABSTRACT - A new mysid species Heteromysis (Olivemysis) ningaloo sp. nov. (Mysidae: 
Heteromysinae) is described from Ningaloo Reef in Western Australia. The species differs from 
the most closely related Australian species, H. (O.) abrucei Bacescu, 1979, H. (O.) macrophthalma 
Bacescu, 1983, and H. (O.) sexspinosa Murano, 1988, by having a longer antennal scale that is about 
as long as the peduncle of antenna 1. It also differs from each of these species by a set of additional 
characters related to the carapace, telson and pereopods. With the inclusion of H. (O.) ningaloo sp. 
nov., the genus consists of 84 species, 20 of which are recorded in Australian waters. Heteromysis 
(Gnathomysis) harpaxoides Bacescu and Bruce, 1980, known only from Australia, is recorded for 
the second time since the original description, now some 1300 km north of the type locality, in 
the shallows of Lizard Island. Both species were collected in open habitats despite the prevailing 
view that Heteromysis species are commensal with corals, hermit crabs and other invertebrates. 
A key to all Australian subgenera and species of Heteromysis is presented. 


KEYWORDS: Mysids, Heteromysinae, Heteromysis (Olivemysis), Heteromysis (Gnathomysis), Australia, 
Indo-Pacific, facultative commensalism 


INTRODUCTION 

The genus Heteromysis S. I. Smith, 1873 (Mysidae, 
Heteromysinae) consists of 83 species of minute (less 
than 11 mm, usually 3-5 mm) coral, hermit crab and 
other invertebrate commensal mysids, largely distributed 
in tropical and subtropical waters of the world. They are 
characterised by differentiation of pereopod endopods: 
a strongly modified, grasping, pereopod 1, resembling 
a maxilliped, and a variable number of carpopropodus 
segments of pereopods 2-6, which are, probably, a result 
of associations with other invertebrates; and uniramous 
pleopods of males. Due to their cryptic habits, 
Heteromysis species are rarely encountered, missing 
from epibenthic nets during daytime collecting and, 
hence remain poorly known (Wittmann 2008). 

In this study, a new species of the genus, belonging 
to the subgenus Olivemysis Bacescu, 1968, Heteromysis 
(i Olivemysis ) ningaloo sp. nov., is described from the 
reefs of Ningaloo lagoon in Western Australia, collected 
using diving equipment. Additionally, H. (Gnathomysis) 
harpaxoides Bacescu and Bruce, 1980, previously 
known only from two records in Australia (including the 


original description), is reported for the first time from 
the shallows of Heron and Lizard Islands. 

Knowledge of Heteromysis species (and the order 
Mysida in general) from Australia is so far based 
on fragmentary collections. The first Australian 
heteromysids were recorded by W.M. Tattersall (1927). 
Later they were more intensively studied by Bacescu and 
Bruce (Bacescu 1979, 1983, 1986; Bacescu and Bruce 
1980) and Murano (1988, 1998). Murano (1988) also 
composed a key to heteromysids of Australia, which 
requires an update, because two more species, including 
the new one described here, have subsequently been 
added. A very useful interactive identification system 
on the Australian mysids, including heteromysids, was 
compiled by Yerman and Lowry (2007). However, 
the descriptions of taxa require revision, as at times, 
important diagnostic characters have been omitted. 

In the Australian shallows, the genus Heteromysis is 
represented by 20 species: H. (Heteromysis ) australica 
Bacescu and Bruce, 1980, H. (H .) communis Bacescu, 
1986, H. (//.) heronensis Bacescu, 1979, H. (H) gymnura 
W.M. Tattersall, 1922, H. (H.) spinosa Bacescu, 1986, 


urn:lsid:zoobank.org:pub:2A230B7F-6F5A-44B6-A31 E-2207850305C1 
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H. (H.) tethysiana Bacescu, 1983, H. (G.) harpaxoides, 
H. (G.) stellata Bacescu and Bruce, 1980, H. (0.) 
abrucei Bacescu, 1979, H. (0.) essingtonensis Murano, 
1988, H. (0.) quadrispinosa Murano, 1988, H. (0.) 
macrophthalma Bacescu, 1983, H. (0.) maxima Murano, 
1998, H. (0.) ningaloo sp. nov., H. (0.) sexspinosa 
Murano, 1988, H. (0.) tenuispina Murano, 1988, H. (0.) 
zeylanica W.M. Tattersall, 1922, H. gracilis Murano, 
1988, H. tasmanica W.M. Tattersall, 1927, and H. 
waitei W.M. Tattersall, 1927. The three latter species 
in this list have not been assigned to known subgenera 
of Heteromysis, and their taxonomic position requires 
further study. 

MATERIAL AND METHODS 

A female specimen of H. (0.) ningaloo sp. nov. 
collected during the CReefs survey of Ningaloo Reef 
in Western Australia, was sent to me by Arthur Anker 
(Florida Museum of Natural History, University of 
Florida, Gainesville, USA), who also arranged the loan 
of two samples of H. (G.) harpaxoides deposited in the 
same museum. The entire bodies of the H. (0.) ningaloo 
sp. nov. female and one specimen of H. (G.) harpaxoides 
were drawn before appendages were detached and put 
on temporary slides with glycerol to be drawn, and later 
transferred to permanent Canada balsam slides. The 
rest of the specimens were inspected without dissection. 
Body length was measured from the rostrum tip to the 
posterior margin of the telson (excluding the terminal 
spiniform setae). The holotype of H. (0.) ningaloo sp. 
nov. is deposited at the Western Australia Museum, 
Perth (WAM) and H. (G.) harpaxoides at the Florida 
Museum of Natural History (UF). 

COMPARATIVE MATERIAL 

Heteromysis ( Olivemysis ) sexspinosa, holotype, female 
(+originally dissected appendages in separate tube), 
Table Head, Port Essington, NT, 11°13.5'S, 132°11.5'E, 8 
m, 07.08.1986 (Museum of Art and Gallery of Northern 
Territory, Australia, [NTM] Cr005501); female, 2 
immature females, immature male, same label as for 
holotype (NTM, Cr012275). 

SYSTEMATICS 

Order Mysida Haworth, 1825 

Family Mysidae Haworth, 1825 

Subfamily Heteromysinae Norman, 1892 

Genus Heteromysis SA. Smith, 1873 

Subgenus Olivemysis Bacescu, 1968 

Heteromysis (Olivemysis) ningaloo sp. n. 

urn:lsid:zoobank.org:pub:2A230B7F-6F5A-44B6-A31E- 

2207850305C1 

Figures 1-26 


TYPE MATERIAL 

Female (ovigerous), 5.5 mm, Australia, Western 
Australia, Ningaloo Reef, st. NR10-001, AUST-7429, 
22,67577°S, 113,6877°E, shallow lagoon off Ningaloo 
Station, CReefs camp, limestone covered by sand and 
algal beds, brown algae, 15.05.2010, coll. A. Fusaro, 
proc. A. Anker (WAM C49510). 

DIAGNOSIS 

Rostral part of carapace with nearly straight lateral 
margins, covering proximal part of eyestalks, apically 
narrowly rounded (Figure 2). Telson cleft with 17 small 
spinules, occupying about half of cleft in anterior part 
(Figure 21). Lateral margins of telson with 7-8 anterior, 
8-10 posterior and 2 terminal (17-20 lateral in total) 
spiniform setae, with gap between anterior and posterior 
groups. Antennal scale about as long as peduncle of 
antenna 1 and 3.1-3.2 times as long as wide (Figures 
2, 3 and 6). Carpopropodus of pereopod 1 (subchela, or 
gnathopod) with 3 pairs of strong flagellate spiniform 
setae in distal half of medial margin, distally becoming 
shorter and stronger (Figure 16). Carpopropodus of 
pereopods 3-6 7-segmented (Figures 18, 22-24). 
Uropodal endopod with 3 proximal spiniform setae 
(Figure 20). 

COMPARISON 

The new species most closely resembles H. (0.) 
sexspinosa from northern Australia, with the antennal 
scale 2.5 times as long as wide, extending only to half 
of segment 3 of antenna 1 peduncle, and the telson cleft 
with spinules occupying its entire length. The holotype 
of H. (0.) sexspinosa and three additional specimens 
from the type locality (NTM Cr005501, Cr012275) also 
differ from H. (0.) ningaloo sp. n. by having spiniform 
setae along the entire lateral margins of the telson. This 
difference is not considered diagnostic because an adult 
female of H. (0.) sexspinosa from the same sample as 
the holotype had a median gap on the lateral margins, 
similar to that of H. (0.) ningaloo sp. n. (also illustrated 
by Murano, 1988, figure 101). The new species is 
also close to H. (0.) macrophthalma from north-east 
Australia which has, in addition to the characters 
mentioned for H. (0.) sexspinosa, slightly concave lateral 
margins of the rostral part of the carapace not covering 
the eyestalks, short spiniform setae on carpopropodus of 
pereopod 1 together with long ones, lateral margins of 
the telson with 5-7 anterior and 6-9 posterior spiniform 
setae, and 6-segmented carpopopodus of pereopods 
3-6. Heteromysis (0.) ningaloo sp. nov. is also close to 
H. (0.) abrucei, known from east Australia and Somali 
(Bacescu and Muller, 1985), however in this species 
the rostral part of the carapace is apically pointed, the 
antennal scale is shorter than in the two previously 
mentioned species, barely reaching the peduncle 
segment 3 of antenna 1, the telson has spiniform setae 
along the entire lateral margins, and the eye-stalks are 
not covered by the rostral part of the carapace. 
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FIGURE 1 Heteromysis (Olivemysis) ningaloo sp. nov., female holotype, 5.5 mm, entire lateral view (photograph by A. 
Anker, with permission). 



FIGURES 2-3 Heteromysis (Olivemysis) ningaloo sp. nov., female holotype: 2, entire dorsal view; 3, entire lateral view. 
Scale: 1 mm. 
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FIGURES 4-13 Heteromysis (Olivemysis) ningaloo sp. nov., female holotype: 4, peduncle of antenna 1, posterior view; 

5, peduncle of antenna 1, anterior view; 6, antenna 2, peduncle of endopod and antennal scale, anterior 
view; 7, eye, dorsal view; 8, labrum; 9, mandibular palp, medial view; 10, right mandible, posterior view; 
11, left mandible, posterior view; 12, maxilla 1, anterior view; 13, maxilla 2, posterior view. Scale lines: 
4-7, 9, 12, 13, 0.25 mm; 8, 10, 11, 0.05 mm. 


DESCRIPTION 

Body stout (Figures 1-3). Head with a spine between 
antennae 1. Abdomen flattened dorsoventrally. Rostral 
part of carapace triangular, apically narrowly rounded, 
extending anteriorly to midlength of antenna 1 peduncle 
segment 1; lateral margins nearly straight, covering 
proximal part of eyestalks. Anterolateral margins of 
carapace rounded. Posterior margin of carapace not 
covering last 2 thoracic somites. Eyes oval (Figures 2 
and 7), 1.2-1.3 times as long as wide and about half as 
long as head width. Eye cornea hemispherical, slightly 


narrower than basal part of stalk; stalk with small dorsal 
distomedial spine. Telson (Figures 2, 3 and 21) slightly 
longer than last abdominal somite, tapering posteriorly, 
1.4 times as long as wide anteriorly and 0.2 times as 
wide posteriorly as anteriorly; lateral margins with 7-8 
anterior, 8-10 posterior and 2 terminal (17-20 lateral 
in total) spiniform setae; inner terminal spiniform seta 
about half as long as outer; cleft deep, with parallel 
sides, 0.3 times as deep as telson length, with 17 small 
spinules, occupying about half of cleft in anterior part. 

Antennae about as long as half of body length 
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FIGURES 14-21 Heteromysis (Olivemysis) ningaloo sp. nov., female holotype: 14, maxilliped 1 endopod, posterior view; 

15, maxilliped 2 endopod, posterior view; 16, pereopod 1 (gnathopod) endopod, posterior view; 17, 
pereopod 2 endopod, anterior view; 18, pereopod 3 endopod, posterior view; 19, uropodal exopod; 20, 
uropodal endopod, anterior view; 21, telson. Scale: 0.25 mm. 






















140 


MIKHAIL E. DANELIYA 



FIGURES 22-26 Heteromysis (Olivemysis) ningaloo sp. nov., female holotype: 22, pereopod 4 endopod, posterior 
view; 23, pereopod 5 endopod, anterior view; 24, pereopod 6 endopod, posterior view; 25, dactylus of 
pereopod 6 endopod, posterior view; 26, pereopod 6 exopod. Scale: 22-24, 26, 0.25 mm; 25, 0.1 mm. 
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(Figures 2 and 3). Peduncle of antenna 1 (Figures 2, 
3, 4 and 5) slightly longer than peduncle of antenna 
2, robust; peduncle segment 1 with distolateral lobe, 
bearing plumose setae; segment 2 with distomedial 
seta and spiniform seta; segment 3 with 5 medial setae, 
distomedial flagellate spiniform seta and simple seta. 
Antennal scale (Figures 2, 3 and 6) elongate elliptical, 
slightly longer than peduncle of antenna 2 and about as 
long as peduncle of antenna 1, 3.1-3.2 times as long as 
wide (maximum width), with setae around all margins; 
distal segment well established, with 5 setae. 

Labrum (Figure 8) with blunt triangular process. Right 
mandible (Figure 10): pars incisivus with 3 teeth; lacinia 
mobilis strong, truncated, with many small teeth; pars 
centralis with 2 bifurcated teeth, posterior with many 
setules. Left mandible (Figure 11): pars incisivus with 
1 tooth; lacinia mobilis with 4 teeth; pars centralis with 
many stout bifurcated plumose setae. Mandibular palp 
(Figure 9) segment 2 with many long setae; segment 3 
0.4 times as long as segment 2. Maxilla 1 (Figure 12): 
endite with short lateral and long medial setae, distally 
serrated; outer ramus with 3 posterior setae and many 
distal robust setae. Maxilla 2 (Figure 13): exopod rather 
thin, with 11-12 short thin setae; distal segment of 
endopod with 7 long plumose lateral setae. 

Thoracopod exopods 9-segmented (Figure 26). 
Maxilliped 1 (Figure 14) basis endite longer than 
preischium and ischium endites; preischium and 
ischium endites equally short. Maxilliped 2 (Figure 
15) merus 1.4 times as long as ischium and 2.8 times 
as long as wide; carpopropodus 0.7 times as long as 
merus; dactylus 0.6 times as long as carpopropodus, 
with numerous long setae around margins. Pereopod 1 
(subchela, or gnathopod) (Figure 16) stronger than other 
pereopods; ischium 0.5 times as long as merus, with 
about 10 short medial and 1 lateral setae; merus 3.5 
times as long as wide, slightly narrowing distally, with 
5 medial groups of short and long setae bunches and 2 
distolateral setae; carpopropodus 2-segmented, 2.4 times 
as long as wide and 0.9 times as long as merus, with 5 
lateral short setae and 3 pairs of strong palmar spiniform 
setae, proximal longer than distal; dactylus with large, 
strong claw, 0.5 times as long as carpopropodus. 
Pereopod 2 (Figure 17) shorter than pereopods 3-6; 
basis with 4 medial setae and anteromedial tubercle; 
preischium longer than preischium of other pereopods, 
without setae; ischium 0.7 times as long as merus, with 
3 medial and 2 distolateral setae; merus 5.5 times as 
long as wide, with multiple medial setae and one stout 
distolateral seta; carpopropodus 3-segmented, segment 
1 about as long as segments 2 and 3 together, with 2 
groups of long anteromedial setae; segments 2 and 3 of 
about equal length, with long setae; dactylus small, with 
long, smooth setae. Pereopods 3-6 (Figure 18, 22-25) 
thin and long; basis with 2-3 distal lateral setae and 
high distomedial tubercle with plumose seta at the base; 
preischium without setae; ischium with 4-8 lateral and 
4-6 distomedial setae; merus 0.8-0.9 times as long as 
ischium and 5.5-7 times as long as wide, with 5 medial 
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groups of short and long setae bunches (about 12-15 
bunches in total); carpopropodus 7-segmented; segment 
1 about as long as segments 2 and 3 together, with 2 
medial bunches of setae; segments of carpopropodus 
with 1 lateral seta and 1 medial bunch of long setae; 
paradactylar medial setae falcate, smooth; dactylus 
rather small; dactylar claw serrated. Marsupium with 2 
pairs of oostegites. 

Uropods wide (Figure 1-3, 19 and 20), with setae 
along margins. Uropodal exopod (Figure 19) 3.8 times 
as long as wide and 1.3 times as long as endopod. 
Uropodal endopod (Figure 20) 2.6 times as long as 
wide, with 3 proximal spiniform setae, slightly bent 
anteriorly. 

COLOUR 

Body generally transparent with sparse red dots. Eye 
cornea white. Marsupial area greenish (Figure 1). 

DISTRIBUTION 

Known only from Ningaloo Reef lagoon, Western 
Australia (type locality). 

HABITAT 

The species was found while washing limestone rocks 
covered with sand and brown algae; no association with 
other benthic invertebrates was noted in the field (A. 
Anker, pers. comm.). 

REMARKS 

The new species clearly belongs to the subgenus 
Olivemysis, in the recently updated sense (Price and 
Heard 2011), possessing a distomedial flagellated 
seta on segment 3 of antenna 1, a moderately robust 
endopod of pereopod 1, with enlarged carpopropodus, 
and uropodal endopod shorter than the exopod. The 
body colour of H. (O.) ningaloo sp. nov. is very similar 
not only to the closely related H. ( O .) abrucei from the 
Indian Ocean (originally described), but also to the 
rather distant subtropical East Atlantic H. ( O .) dardani 
Wittmann, 2008, and H. (O.) wirtzi Wittmann, 2008, 
for which colour descriptions and photographs of 
live specimens were provided (Wittman 2008). The 
colour pattern of these four species is different from 
the colouration of H. (G.) harpaxoides (see below), a 
representative of another subgenus. 

ETYMOLOGY 

The species name comes from the type locality, 
Ningaloo Reef, Western Australia. 

Heteromysis (Gnathomysis) harpaxoides 
Bacescu and Bruce, 1980 

Figures 27-53 

Heteromysis (Gnathomysis) harpaxoides Bacescu and 
Bruce, 1980: 68, figs 2M-N, 3A-H; Murano, 1988: 41. 
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FIGURE 27 Heteromysis (Gnathomysis) harpaxoides Bacescu and Bruce, 1980, male, 5 mm, entire lateral view, Lizard 
Island (photographed by Arthur Anker, with permission). 


MATERIAL EXAMINED 

Male, 4.5 mm, Australia, Queensland, Heron Island, 
23°S, 152°E, Nov. 2009, AUST-5869, HI09-131 (UF 
25481; slide UF 25481); male, 5 mm, female, 6 mm 
(ovigerous), Australia, Queensland, Lizard Island, 
Watson’s Bay, 14,6652°S, 145,45°E, AUST-1347, AUST- 
ST-063, reef flat with sand and rubble, under rocks, in 
rubble, algae, etc., 1-2 m, coll. Michonneau and Lasley, 
20.02.2009 (UF 17222). 

COLOUR 

Cephalic part of carapace (head) snow white. 
Thoracic part of carapace from pleurocervical fissures 
to the posterior margin blood red. Eyes with dorsal red 
stripe; cornea light brown. Abdomen and appendages 
not pigmented (Figure 27). 

DISTRIBUTION 

North-east Australia (Pacific): Great Barrier Reef, 
Wistari Reef (Bacescu and Bruce 1980; type locality), 
Heron Island, Lizard Island (current study); north-west 
Australia (Indian Ocean): Ashmore Reef (Murano 
1988). This is a third record of the species including 
the original description and extends its distribution 
in north-east Australia to 1300 km north of the type 
locality. 

HABITAT 

In both previous reports, H. (G.) harpaxoides was 


collected in the shells occupied by hermit crabs of the 
genus Dardanus Paulson, 1875. In the new location it 
was collected under rocks, in rubble, algae and other 
sediment on the surface of flat reefs, indicating that 
the species is not an obligatory (Wittmann 2008) but a 
facultative commensal. 

REMARKS 

The specimens lack tubercles on the cephalic part 
of the carapace, which is the only character reported 
to distinguish H. (G.) harpaxoides from H. (G.) 
stellata. The studied specimens have characters of 
pereopod 1 endopod, typical for this pair of closely 
related species (Figure 44): medial margin of ischium 
serrated, with seta in each notch of crenulation; merus 
with medial concavity, bearing single median seta, 
antero- and posteromedial margins serrated, also with 
seta in notches of crenulations; capropopodus strongly 
inflated, with 4 short strong distomedial spiniform 
setae, roughly serrated anteriorly, and 3-4 medial 
strong spiniform setae, distally finely serrated and with 
curved tips. Carpopropodus of pereopod 2 (Figure 
45) 5-6-segmented. Carpopropodus of pereopods 
3-6 (Figures 46-48) 4-segmented. Some characters 
broaden our knowledge of the morphological variation 
of the species: lateral margins of telson (Figure 30) 
with 11-12 spiniform setae (against 14 in the type 
material), with 1 or 2 terminal spiniform setae (inner 
shorter spiniform seta present in the type material 
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and most of our specimens); telson cleft with 17-21 
spinules (against 34 in the type material). 

Bacescu and Bruce (1980) did not describe some of 
the structures of H. (G.) harpaxoides, and illustrations 
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are provided here of mouthparts, maxillipeds, thoracic 
sternites, pleopods and other structures of a specimen 
collected close to the type locality, Heron Island 
(Figures 28-43). 




31 




FIGURES 28-31 Heteromysis (Gnathomysis) harpaxoides Bacescu and Bruce, 1980, male, 4.5 mm, Heron Island: 28, 
entire lateral view; 29, anterior part of body, dorsal view; 30, telson; 31, uropod, anterior view. Scale: 28, 
1 mm; 29-31, 0.5 mm. 
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FIGURES 32-43 Heteromysis (Gnathomysis) harpaxoides Bacescu and Bruce, 1980, male, 4.5 mm, Heron Island: 32, 
antennal scale; 33, peduncle of antenna 2 endopod; 34, antenna 1 peduncle, anterior view; 35, labrum; 
36; mandibular palp, medial view; 37, mandibular palp, posterior view; 38, maxilla 1, anterior view; 39, 
maxilla 2, anterior view; 40, maxilleped 1 endopod, anterior view; 41, maxilliped 2 endopod, anterior 
view; 42, dactylus of maxilliped 2, anterior view; 43, first to fifth thoracic sternites. Scale: 32-37, 40, 41, 
43, 0.5 mm; 38, 39, 42, 0.25 mm. 
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FIGURES 44-53 Heteromysis (Gnathomysis) harpaxoides Bacescu and Bruce, 1980, male, 4.5 mm, Heron Island: 44, 
pereopod 1 endopod, posterior view; 45, pereopod 2 endopod, posterior view; 46, pereopod 3, anterior 
view; 47, pereopod 6 endopod, posterior view; 48, dactylus of pereopod 6, posterior view; 49, penis; 50, 
pleopod 1; 51, pleopod 4; 52, sixth abdominal sternite; 53, posterior margin of sixth abdominal sternite. 
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KEYTOTHE SUBGENERA OFTHE GENUS 
HETEROMYSIS FROM AUSTRALIA 

1 Peduncle segment 3 of antenna 1 with distomedial 
flagellate spiniform seta (Figures 4, 5). Eyestalk with 
distomedial spine (except for H. ( O .) essingtonensis ) 
(Figure 7). Telson with lateral spiniform setae 
along entire margins (except for H. (O.) tenuispina ), 

sometimes with median gap (Figure 21). 

.subgenus Olivemysis Bacescu, 1968 

F Peduncle segment 3 of antenna 1 without distomedial 
flagellate spiniform seta. Eyestalk without 
distomedial spine. Telson with lateral spiniform setae 
absent, at least, in anterior part.2 

2(1) Pereopod 1 ischium and merus with medial serration 
(Figure 44). Uropodal endopod as long as uropodal 

exopod (Figure 31). 

.subgenus Gnathomysis Bonnier and Perez, 1902 

2’ Pereopod 1 ischium and merus without medial serration. 
Uropodal endopod shorter than uropodal exopod 
.subgenus Heteromysis s. str. 

KEY TO SPECIES OFTHE SUBGENUS 
HETEROMYSIS S. STR. FROM AUSTRALIA 

1 Telson without lateral spiniform setae in anterior half or 
third.2 

F Telson without lateral spiniform setae only in anterior 
part. Carpopropodus of pereopod 1 about as wide as 


and longer than merus. 

. H. gracilis Murano, 1988 (See additional 

remarks below) 

2(1) Uropodal endopod without spiniform setae.3 

2’ Uropodal endopod with one or more medial spiniform 
setae.4 


3(2) Carpopropodus of pereopod 1 nearly as long as 
merus. Telson cleft with more than 40 spinules 
. H. {H) gymnura W.M. Tatter sail, 1922 

3’ Carpopropodus of pereopod 1 clearly shorter than 
merus. Telson cleft with about 10 spinules 
. H. ( H .) tethysiana Bacescu, 1983 

4(2’) Carpopropodus of pereopod 1 as wide as or only 
slightly wider than merus. Uropodal endopod with at 
least two medial spiniform setae.5 

4’ Pereopods 1 with asymmetric carpopropodi from the 
left and right sides of body, with right carpopropodus 
strongly inflated. Uropodal endopod with one 

proximal medial spiniform seta. 

. H. (H) australica Bacescu and Bruce, 1980 

5(4) Cornea at the tip of eyestalk. Telson cleft with more 
than 10 spinules.6 

5’ Cornea somewhat shifted to lateral side of eye, while 
eyestalk anteriorly inflated. Telson cleft with 3-6 
spinules. H. (H.) spinosa Bacescu, 1986 


6(5) Carpopropodus of pereopods 3-6 4-segmented. 
Uropodal endopod with 2-5 medial spiniform 
setae. 7 

6’ Carpopropodus of pereopods 3-6 7-segmented. 
Uropodal endopod with about 16 medial 

spiniform setae. 

H. tasmanica W.M. Tattersall, 1927 (See 
additional remarks below) 

7(5) Uropodal endopod with 3-5 medial spiniform setae 
. H. (H) communis Bacescu, 1986 

7’ Uropodal endopod with 2 medial spiniform setae 
. H. ( H .) heronensis Bacescu, 1979 

REMARKS 

Heteromysis gracilis and H. tasmanica are included in 

the key for the subgenus Heteromysis s. str. only for the 

convenience of identification. The subgeneric status of 

the two species is not defined here. 

KEY TO SPECIES OFTHE SUBGENUS 
GNATHOMYSIS FROM AUSTRALIA 

1 Anterior part of carapace with about 4 rows of minute 

tubercles. 

. H. ( G .) stellata Bacescu and Bruce, 1980 

F Anterior part of carapace smooth, without tubercles 

(Figures 27-29). 

. H. (G.) harpaxoides Bacescu and Bruce, 1980 

KEY TO SPECIES OFTHE SUBGENUS 
OLIVEMYSIS FROM AUSTRALIA 

1(2) Eyestalk with dorsal distomedial spine.2 

1’ Eyestalk without dorsal distomedial spine. 

H. (0.) essingtonensis Murano, 1988 

2(1) Telson with lateral spiniform setae along entire 
margins (sometimes with median gap). 3 

2’ Telson with lateral spiniform setae only in posterior 
part. H. (G.) tenuispina Murano, 1988 

3(2) Uropodal endopod with 2-5 medial spiniform setae 
in proximal part.4 

3’ Uropodal endopod with more than 10 medial 

spiniform setae along entire margin . 

. H. ( O .) zeylanica W.M. Tattersall, 1922 

4(3) Telson cleft with spinules occupying at least 2/3 of 


its length.5 

4’ Telson cleft with spinules along less than 2/3 of its 
length .9 

5(4) Rostral part of carapace with rounded apex .6 


5’ Rostral part of carapace apically pointed or very 

narrowly rounded . 

. H. ( O .) quadrispinosa Murano, 1988 
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6(5) Carpopropodus of pereopod 1 with 6 and more 
posterodistal flagellate spiniform setae.7 

6’ Carpopropodus of pereopod 1 with 2-4 posterior 

flagellate spiniform setae. 

H. waitei W. M. Tattersall, 1927 (See additional 
remarks below) 

7(6) Carpopropodus of pereopod 1 only with large 
flagellate spiniform setae.8 

7’ Carpopropodus of pereopod 1, in addition to large 
flagellate spiniform setae, also with small 

spiniform setae . 

. H. ( O .) macrophthalma Bacescu, 1983 

8(7) Rostral part of carapace apically narrowly rounded. 

Carpopropodus of pereopod 6 7-8-segmented. 

. H. (0.) sexspinosa Murano, 1988 

8’ Rostral part of carapace apically broadly rounded. 

Carpopropodus of pereopod 6 4-segmented. 

. H. (0.) maxima Murano, 1998 

9(4’) Rostral part of carapace apically pointed. Antennal 
scale barely reaching segment 3 of antenna 
1 peduncle. Lateral spiniform setae of telson 

without median gap. 

. H. (0.) abrucei Bacescu, 1979 

9’ Rostral part of carapace apically narrowly rounded. 
Antennal scale nearly reaching distal margin 
of peduncle segment 3 of antenna 1. Lateral 

spiniform setae of telson with median gap. 

. H. (0.) ningaloo sp. nov. 

REMARKS 

Heteromysis waitei is included in the key for the 
subgenus Olivemysis only for the convenience of 
identification. The subgeneric status of the species is not 
defined here. 
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ABSTRACT -This paper describes three new species of Ceratocader (Tingidae), almost doubling the 
number of known species. Ceratocader langlandsi sp. nov. is found in arid south Western Australia. 
In contrast, C. coatesi sp. nov. and C. bridgettae sp. nov. are found in the wetter tall forests of the far 
south-west of Western Australia. Notes on the genus, and its sister genus, Australocader, as well as a 
key to species of Ceratocader, are provided. 


KEYWORDS: Cantacaderinae, coextinction, short-range endemic 


INTRODUCTION 

The endemic Australian lacebug genus Ceratocader 
Drake, 1950 (Hemiptera: Heteroptera: Tingidae) 
is currently represented by four described species. 
Ceratocader armatus (Hacker, 1928), the armed 
lacebug, is recorded from South Australia, and C. 
dentatus (Hacker, 1928), the dented lacebug, from 
northern Tasmania (Hacker 1928; Cassis and Gross 
1995). Lis (2000) added a further two species: C. fulvus 
Lis, 2000 from the far south-west of Western Australia 
and C. monteithi Lis, 2000 (Monteith’s lacebug) from 
central Queensland (Figure 1). 

Western Australia is particularly rich in lacebug 
species of the family Tingidae, with a key to the genera 
present in the south-west provided by Moir and Guilbert 
(2012). Despite recent publications documenting new 
species (e.g. Cassis and Symonds 2008, 2011; Guilbert 
and Moir 2010; Moir 2009; Moir and Guilbert 2012) 
many species await description. Here, we describe three 
new species of Ceratocader from Western Australia: 
Ceratocader langlandsi sp. nov. from the arid southern 
region, plus C. coatesi sp. nov. and C. bridgettae sp. 
nov. from the far south-west of the State (Figure 1). In 
addition, a discussion on the genus and a key to species 
is provided. 

MATERIALS AND METHODS 

The specimens examined here were collected 
by beating, vacuum sampling or pitfall traps (see 
Langlands et al. 2006; Moir et al. 2005a; Orabi et al. 


2010 for detailed descriptions of the methods and sites). 
Specimens are pinned and deposited in the Western 
Australian Museum, Perth (WAM), and the M.L. Moir 
personal collection, Perth (MLM). 

Specimens were examined with an Olympus SZ51 
stereo microscope, and all images were produced using 
a Leica MZ16 stereo microscope and the package Auto¬ 
montage Pro version 5.02(p) (Syncroscopy, Cambridge, 
U.K.). A map of species distribution was produced in 
ArcGIS Version 9.1 (Environmental Systems Research 
Inc.). Tingidae terminology follows Froeschner (1996) 
and Lis (2000), classification follows Guilbert (2012). 

SYSTEMATICS 

Family Tingidae Laporte, 1833 

Subfamily Cantacaderinae Stal, 1873 

Tribe Ceratocaderini Lis, 1999 

Genus Ceratocader Drake, 1950 

urn:lsid:zoobank.org:act:467D998F-7ECB-4BD7-8F83- 

2256582A46CB 

Ceratocader Drake, 1950: 157. 

TYPE SPECIES 

Cantacader armatus Hacker, 1928 by original 
designation. 


urn:lsid:zoobank.org:pub:14E1 F58D-47BE-4839-85EC-8CEEF76FBAC8 
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REMARKS 

Tingid taxonomy is based solely on the external 
morphology, often without any description of the 
genitalia, which are minimally diagnostic (Froeschner 
1996; Lis 2000). Ceratocader was previously 
distinguished from other genera within the subfamily 
Cantacaderinae by the combination of the following 
characters: exposed scutellum, presence of 6-8 long 
spines on the lateral margins of the paranotum, and 
the anterior margin of the pronotum projecting a small 
to medium hood over the head (Froeschner 1996; Lis 
2000). However, taking into account the features of 
the species described herein, we redefine the genus to 
include Cantacaderinae species with 3-8 spines on the 
lateral margins of the paranotum, and the pronotal hood 
present or absent (e.g. Figures 8-13). 

KEY TO SPECIES OF CERATOCADER 
(ADAPTED FROM LIS, 2000) 

1. Lateral spines on paranotum not longer than the 

diameter of the eyes (Figure 9).2 

At least one pair of lateral spines on paranotum 
longer than the diameter of the eyes (Figures 
10-13).3 

2. Three well-defined lateral spines on paranotum 

(Figure 9) . Ceratocader langlandsi 

Lateral spines on paranotum very small, almost 
non-existent, but number more than three 
. Ceratocader dentatus 

3. Costal area recurved over onto itself (Figures 6,7) 

. Ceratocader bridgettae 

No part of costal area recurved over onto itself.4 

4. Base of posterior cephalic spines distinctly one eye 

length in front of eyes (Figure 13). 

. Ceratocader fulvus 

Base of posterior cephalic spines almost touching 
eyes (Figure 12).5 

5. Hood projecting over head (Figure 11). Posterior part 

of paranotum expanded and forming lobe bearing 
4-5 rows of aerolae . Ceratocader armatus 

Hood not projecting over head (Figure 8). Posterior 
part of paranotum not expanded .6 

6. Anterior paranotal spine not surpassing eyes in 

length (Figure 12) . Ceratocader monteithi 

Anterior paranotal spine surpassing eyes in length 
(Figure 8) . Ceratocader coatesi 



FIGURE 1 Map of Australia with collection localities of 
Australian Ceratocader species. Symbols 
represent the following: stars - C. dentatus ; 
white squares - C. armatus-, black square - C. 
monteithi] cross - C. fulvus] diamond - C. 
coatesi] white circle - C. langlandsi] and black 
circle - C. bridgettae. 

Ceratocader langlandsi sp. nov. 

urn:lsid:zoobank.org:act:5508DE89-0F8C-4E5D- 

A126-42EF035B7F69 

Figures 1-3, 9 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Queen Victoria 
Springs Nature Reserve, night beating, 30°14’S, 
123°41’E, 21 March 2003, P.R. Langlands (WAM 
E82993). 

Paratype 

Australia: Western Australia: 1 S, 1 ?, same as 
holotype (WAM E82994, WAM E82763). 

Other material examined 

Australia: Western Australia: 1 <$ same as holotype 
(MLM 205). 

DIAGNOSIS 

Ceratocader langlandsi is most similar to C. fulvus, 
but the two differ in the length and number of lateral 
spines on the paranotum; C. langlandsi has three 
medium spines per lateral margin which are all shorter 
than the diameter of the eye, whereas C. fulvus has 
approximately seven spines of varying lengths, but at 
least one spine of equal length to the diameter of the eye 
(see Figures 3, 9). Also, C. fulvus has a prominent hood, 
whereas C. langlandsi has not. 
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DESCRIPTION 

Body measurements. S 5.96 ± 0.24 mm (n = 3), $ 5.80 
mm (n = 1). 

Colour. Eyes dark red. Body, genital capsule, 4th 
antennal segment, femur, distal half of tibia and 
markings on hemelytra (particularly band across 
costal region, almost midway down hemelytra) dark 
brown. Head, hemelytra, and pronotum golden brown. 
Pronotum and hemelytra (particularly main veins) 
infused with orange (Figure 2). Remaining antennal 
segments and legs brown. 

Head and antennae. Head with 4 long, cephalic 
spines, surpassing 2nd antennal segment (Figures 2, 
3). Antenniferous process slender and pointed, not 
surpassing 1st antennal segment. Antennae slender, 
antennal segments measurements: I, 0.12 mm; II, 
0.10 mm; III, 1.90 mm; IV, 0.30 mm. Fourth antennal 
segment pilose. Rostrum long, extending to 4th visible 
abdominal segment. 

Body. Coleopterous. Pronotum large, posterior 
margin bisinuate; anterior margin raised slightly over 
head but lacking obvious hood; three carina, each 
uniseriate. Fateral carina broken at one-fifth length from 
anterior margin of pronotum, with large gap and small 
spine projecting upward from anterior edge of break. 
Paranota large, widest at midlength, triseriate (Figure 
2). Pronotum with 3 short (less than the diameter of an 
eye) lateral spines per side (Figures 2, 9). Forewings (or 
hemelytra) much wider than pronotum, extending out 
approximately half the width of the pronotum. Fateral 
margins of forewings raised and slightly recurved 
(Figure 2). Posterior margin rounded. Scutellum 
exposed, represented as a relatively large, round knob¬ 
like process, elevated above hemelytra. Stenocostal 
region present with one row of small round areolae, 
costal region with on average eight small round areolae 
and subcostal with six to eight rows of areolae. Hind 
wings absent. 

Nymphs, unknown 

ETYMOLOGY 

This species is named in honour of the collector, 
Dr Peter Fanglands, for his continued enthusiasm in 
collecting new and interesting species of Hemiptera, 
often from relatively inaccessible regions of Western 
Australia. 

COMMON NAME 

Fanglands’ lacebug. 

Ceratocader coatesi sp. nov. 

urn:lsid:zoobank.org:pub:14E1F58D-47BE-4839-85EC- 

8CEEF76FBAC8 

Figures 1, 4, 5, 8 


MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Porongurups 
National Park, Devils Slide, site 6, 34°40’31”S, 
117°51’05”E, ex Gastrolobium crenulatum [Note: 
plant species misidentified = G. subcordatum ], beat, 
15 October 2006, M.F. Moir and J.M. Waldock (WAM 
E82995). 

DIAGNOSIS 

Ceratocader coatesi resembles both C. monteithi and 
C. armatus, but differs from both species by fewer (c. 
5) spines per lateral margin of the paranotum, with the 
anterior spine long, extending forward and surpassing 
the eyes (see Figures 4, 8). 

DESCRIPTION 

Body measurements. S 3.80 mm (n = 1). 

Colour. Eyes red. Collar region, 4th antennal segment 
and markings on hemelytra (particularly band across 
costal region near middle of hemelytra) dark brown. 
Head, body, hemelytra, genital capsule, pronotum, 
remaining antennal segments and legs golden brown. 
Cephalic spines, pronotum, hemelytra and body infused 
with orange (Figure 4). 

Head and antennae. Head with four long, cephalic 
spines, surpassing 2nd antennal segment (Figures 4, 
8). Antenniferous process slender and pointed, not 
surpassing 1st antennal segment. Antennae slender, 
antennal segments measurements: I, 0.10 mm; II, 
0.07 mm; III, 1.20 mm; IV, 0.20 mm. Fourth antennal 
segment pilose. Rostrum extending to 1st visible 
abdominal segment. 

Body. Coleopterous. Pronotum large, posterior margin 
bisinuate; anterior margin raised slightly over head but 
lacking obvious hood; 3 carina consisting of one row of 
areolae. Fateral carina discretely broken (without gap) 
at one-fifth length from anterior margin of pronotum. 
Paranota large, widest in anterior half, consisting 
of 3 rows of round areolae (Figure 4). Pronotum 
with 6-7 lateral spines per side of varying lengths; 
anterior spine the longest, surpassing eyes (Figures 
4, 8). Forewings (or hemelytra) wider than pronotum, 
extending out approximately a quarter the width of the 
pronotum. Fateral margins of forewings raised (Figure 
4). Scutellum exposed, represented as a small rounded 
rectangular process, elevated slightly above hemelytra. 
Stenocostal region present with 1 row of small round 
areolae, costal region with 4 to 5 rows of small round 
areolae and subcostal with 6 rows of areolae. Hind 
wings present. 

Nymphs. Nymphs unknown. 

ETYMOLOGY 

This species is named in honor of Dr David Coates, 
for his contribution towards the conservation of many 
threatened Western Australian plant species, and his 
support of the first author’s work highlighting the 
potential coextinction of insects on these plants. 
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FIGURES 2-7 Dorsal and lateral views of the three new species of Ceratocader. 2, 3, C. langlandsi sp. nov. (MLM 205); 
4, 5, C. coatesisp. nov. holotype (WAM 82995); 6, 7, C. bridgettae sp. nov. paratype (WAM 82997). 
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FIGURES 8-13 Head and pronotum of Ceratocader spp.: 8, C. coatesi sp. nov.; 9, C. langlandsi sp. nov.; 10, C. bridgettae 
sp. nov.; 11, C. armatus ; 12, C. monteithv, 13, C. fulvus. Figures 11, 12 and 13 adapted from Lis (2000), 
copyright Wiley-VCH Verlag GmbH & Co. KGaA; reproduced with permission. 
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COMMON NAME 

Coates’ lacebug. 

Ceratocader bridgettae sp. nov. 

urn:lsid:zoobank.org:pub:14E1F58D-47BE-4839-85EC- 

8CEEF76FBAC8 

Figures 1,6, 7, 10 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Boddington, site 
NP96 (mine), pitfall trap, April 2003, G. Orabi (WAM 
E82996). 

Paratype 

Australia: Western Australia: 1 Boddington, site 
M04J (Jarrah forest), litter sample, April 2004, G. Orabi 
(WAM E82997). 

DIAGNOSIS 

Ceratocader bridgettae could be confused with 
C. dentatus, but differs from the latter by having the 
costal region of the hemelytra curved up and back upon 
itself (also termed ‘recurved’) for almost the entire 
length, whereas the costal region of C. dentatus is only 
recurved in anterior half (Hacker, 1928). In addition, C. 
dentatus has only six short pronotal spines, shorter than 
the diameter of the eye (Froeschner, 1996), whereas C. 
bridgettae has 6-8 spines with at least one spine longer 
than the diameter of the eye. 

DESCRIPTION 

Body measurements. <$ 3.83 mm (n = 1), $ 3.94 mm 
(n=l). 

Colour. Eyes red. Body, genital capsule, 4th antennal 
segment, majority of lateral paranotum spines and 
markings on hemelytra (particularly band across 
costal region almost midway down hemelytra) dark 
brown. Cephalic spines and lateral carina on pronotum 
surrounded by white ‘foam-like’ substance (Figures 
6,7). Head, body, hemelytra, pronotum, legs and 
remaining antennal segments yellow-brown. 

Head and antennae. Head with four long, cephalic 
spines, surpassing 2nd antennal segment (Figure 
6). Antenniferous process slender and pointed, not 
surpassing 1st antennal segment. Antennae slender, 
antennal segments measurements: I, 0.10 mm; II, 
0.08 mm; III, 1.35 mm; IV, 0.20 mm. Fourth antennal 
segment pilose. Rostrum extending to 1st visible 
abdominal segment. 

Body. Coleopterous. Pronotum large, posterior margin 
bisinuate; 3 carina uniseriate for most of length. Fateral 
carina broken at one-fifth length from anterior margin 
of pronotum. Hood present, inflating approximately 
half of central pronotal carinae, projecting slightly over 
head. Paranota consisting of 2 rows of square areolae 


for almost entire length (Figure 6). Pronotum with 
6-8 lateral spines per side of varying lengths; anterior 
spine the longest, almost surpassing eyes (Figures 
6,10). Forewings (or hemelytra) wider than pronotum, 
extending out approximately a quarter the width of the 
pronotum. Fateral margins of forewings raised and 
recurved to such an extent that underside is visible 
when viewed dorsally (Figures 6,7). Scutellum exposed, 
represented as a small rectangular process, elevated 
above hemelytra. Stenocostal region present with 1 row 
of small round areolae, costal region with on average 6 
rows of small round areolae and subcostal with 7 rows 
of areolae. Hind wings present. 

Nymphs. Nymphs unknown. 

ETYMOLOGY 

This species is named in honor of Bridgette Brennan, 
the first author’s eldest daughter. 

COMMON NAME 

Bridgette’s lacebug. 

DISCUSSION 

Ceratocader is closely related to other Gondwanan 
Cantacaderini genera, in particular the Australian 
Australocader Fis, 1997, and more distantly, the 
Australian Allocader Drake, 1950, Brazilian Nectocader 
Drake, 1928 and New Caledonian Caledoderus 
Guilbert, 2012 (Fis 1999; Schuh et al. 2006; Guilbert 
2012). Ceratocader has been considered a primitive 
group of Cantacaderinae by Zhang et al. (2005), 
because species supposedly retain the basal cell of the 
hemelytron. These authors, however, only examined the 
illustration of C. armatus in Froeschner (1996, figure 
7), the venation of which differs considerably from that 
given by Fis (2000, figure 3). The latter does not show a 
well defined, separate basal cell. 

Both Ceratocader and the closely related 
Australocader have not been discovered outside 
Australia to date. The two genera differ in their 
distribution within Australia, with Australocader 
restricted to the east coast of the mainland. In contrast, 
Ceratocader has dispersed across Australia, including 
Tasmania, and has a hotspot of endemism in the 
Western Australian South-West (four of seven species 
found here: Figure 1). The distribution of the genus 
across Australia indicates that species may not be 
dispersal inhibited, and this is further supported by 
the collection of C. bridgettae in a relatively recently 
restored mine pit (9 year-old) (Orabi et al. 2010). In 
addition, the capture of C. monteithi in intercept traps 
(Fis 2000) suggests good powers of dispersal via 
flight. Paradoxically, however, a number of species (C. 
langlandsi, C. dentatus, C. fulvus, C. monteithi ) lack 
hind wings and cannot fly. Presumably all of these 
species would not be able to disperse far by walking, 
and there is evidence that Ceratocader may represent 
short-range endemic species restricted to specific 
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refugial sites (see below). But there are two perplexing 
contradictions to the suggestion that Ceratocader 
species without hind wings are dispersal inhibited: 1. 
how were two specimens of C. monteithi captured by 
intercept traps?; and 2. the new locality record that we 
present here of C. dentatus on mainland Australia, in 
highlands in the Australian Capital Territory, results in 
a very wide distribution for a species lacking hind wings 
(Figure 1). 

Ceratocader species are found in a variety of habitat 
types and rainfall climes (e.g. arid, C. langlandsi; cool 
and wet temperate, C. dentatus ; temperate, C. bridgettae 
and C. armatus ). Despite this, and their occurrence 
across most states of Australia, few specimens of the 
genus have been collected. Most species are known 
only from a single locality (Figure 1). As such, it is 
highly likely that Ceratocader are restricted to specific 
habitat types represented at these localities. For example, 
C. monteithi has been identified as a possible short- 
range relictual species endemic to Carnarvon National 
Park in Queensland (Grant 2005). A restricted range 
also appears to apply to all new species described 
here. Ceratocader coatesi is found in the most north¬ 
eastern disjunct population of wet Karri ( Eucalyptus 
diversicolor F. Muell.) forest of the Porongurups 
National Park (for a discussion of the biotic and abiotic 
features of the National Park see Wills and Abbott, 
2003). This area not only features a distinct genetic 
population of Karri (Coates and Sokolowski, 1989), 
but is a recognised hotspot of endemism for other 
invertebrates due to its high rainfall and mountainous 
terrain (e.g. Moir et al. 2009), and as a historical 
refugium for invertebrates from past sea level changes 
and aridity (Main 1999). Ceratocader langlandsi is 
found at Queen Victoria Springs Nature Reserve, 
which is recognised as a unique area where several 
habitat types overlap and result in high plant diversity 
(Langlands et al. 2006). Ceratocader bridgettae is 
found in the northern Jarrah (Eucalyptus marginata 
Sm.) forest, which has a relatively high rainfall when 
compared to surrounding northern, eastern and western 
areas (Orabi et al. 2010). 

It is possible that the perceived rarity of Ceratocader 
is a result of collectors’ under-sampling the preferred 
host plant species, and thus individuals have been 
collected as tourists on other plants, or opportunistically 
via pitfall traps, litter samples and intercept traps. 
However, in several localities in south-west Australia 
(e.g. Jarrahdale, Boddington, Stirling Range National 
Park, Ravensthorpe, south coastal region) many 
plants have been sampled intensively as part of other 
surveys without a single occurrence of a Ceratocader 
individual (Moir et al. 2005a, 2005b, 2010; Framenau 
et al. 2008; Moir et al. unpublished data). Thus, the 
reasons behind the rarity of Ceratocader remain a 
mystery. Interestingly, four specimens of C. langlandsi 
were caught by beating an unknown plant at night (P.R. 
Langlands, personal communication 2012). For this 
species at least, this could suggest that individuals feed 


on host plants at night and potentially shelter elsewhere 
during the day (perhaps in leaf litter, as the area 
where C. langlandsi was collected was long unburnt: 
P.R. Langlands, personal communication 2012). 
Furthermore, C. coatesi was captured on Gastrolobium 
subcordatum (Benth.) G. Chandler and Crisp, a plant 
which is considered rare (see http://florabase.dec.wa.gov. 
au/browse/profile/20507 and Chandler et al. 2002). 
Therefore, C. coatesi may be restricted in range due 
to the small range of the host plant and could require 
conservation itself (co-threatened: Moir et al. 2011). 
However, no conclusion is possible as yet because 
only one specimen has been found. Further study 
and collecting of these elusive lacebugs is ultimately 
required to answer questions concerning habitat 
requirements, dispersal potential, host plant preferences 
and their possible requirement for conservation. 
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A new record of the Christmas Island Blind 
Snake, Ramphotyphlops exocoeti ( Reptilia: 
Squamata:Typhlopidae). 

Dion J. Maple 1 , Rachel Barr, Michael J. Smith 


1 Christmas Island National Park, Christmas Island, Western Australia, Indian Ocean, 6798, 
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ABSTRACT -The endemic Christmas Island Blind Snake Ramphotyphlops exocoeti is a species rarely 
collected since initial faunal collections were conducted on Christmas Island in 1887. Twenty-three years 
after the last record in 1986, an individual was collected on 31 July 2009. Here we catalogue historical 
collection records of this animal. We also describe the habitat and conditions in which the recent 
collection occurred and provide a brief morphological description of the animal including a diagnostic 
feature that may assist in future identifications. This account provides the first accurate spatial record 
and detailed description of habitat utilised by this species. 


KEYWORDS: Indian Ocean, Yellow Crazy Ant, recovery plan 


INTRODUCTION 

Christmas Island is located in the Indian Ocean 
(10°25'S, 105°40'E), approximately 360 km south of the 
western head of Java, Indonesia (Geoscience Australia 
2011). This geographically remote, rugged and thickly 
vegetated island is the exposed summit of a large 
mountain. It has a high proportion of endemism in its 
herpetofauna with five of the six naturally occurring 
reptile species considered endemic (Cogger and Sadlier 
1981). Five additional species have been introduced to 
the island since human colonisation. 

The Christmas Island Blind Snake, Ramphotyphlops 
exocoeti (Boulenger, 1887), has always been the 
most enigmatic of these reptiles, largely due to its 
primarily fossorial habit. Originally described as 
Typhlops exocoeti, it was placed arbitrarily in the 
genus Ramphotyphlops by Cogger et al. (1983), then 
excluded from this genus by Greer (1997) and returned, 
by inference, to Typhlops (Cogger 2005). However, 
Wallach (2003) has shown that it should be correctly 
assigned to Ramphotyphlops. 

This species was described from two specimens 
collected by officers of the survey vessel HMS 
Flying Fish when it visited Christmas Island in 1887 
(Boulenger 1887). Another specimen was collected by 
Lister in 1887 from under a fallen log (Lister 1888). 
Andrews collected several specimens in 1897-98 from 
‘damp places, under rocks and fallen trees’ (Andrews 
1900). Gibson-Hill (1947) reported that the species was 


‘fairly common’ and could be found under the trunks 
of fallen trees. In 1975 a specimen collected from 
Stewart Hill, located in the central west of the island 
in a mine lease known as Field 22, was deposited in 
the Australian Museum (Cogger and Sadlier 1981). A 
specimen was caught by N. Dunlop in 1984 while pit 
trapping in the vicinity of a site known as Loading Bay 
4 (LB4) (N. Dunlop, personal communication, 2012), 
and a specimen was caught in 1986 by phosphate mine 
workers while clearing land on the southern peninsula 
in a mine lease known as Field 17 (H. Yorkston, 
personal communication, in James 2005). See Figure 1 
for locations. 

After reviewing literature records, museum 
catalogues and anecdotes, Cogger (2005) accepted a 
total of 22 records of the species since humans began to 
visit and eventually settled the island. To the best of our 
knowledge, there were no confirmed sightings of this 
species from 1986 until 2009. Because of its scarcity, 
a general lack of knowledge about its life history and 
the potential impact of threatening processes, such as 
habitat loss, this species is listed as vulnerable under 
the Commonwealth Environment Protection and 
Biodiversity Conservation Act 1999, and as such, has a 
National Recovery Plan in place (Cogger 2006). 

Twenty-three years after the last recorded 
observation, an individual was collected on 31 July 
2009 by two of us (DM, RB). The discovery was made 
at 13:00 on a relatively cool day (24.5°C) in damp 
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FIGURE 1 Christmas Island, Indian Ocean. 


conditions following a month of moderately overcast 
and wet conditions (Bureau of Meteorology 2011). 
It was found in the presence of Yellow Crazy Ants 
Anoplolepsis gracilipes (Smith, 1857), a significant 
invasive pest species on the island and a listed threat 
to R. exocoeti (Cogger 2006). We were plotting the 
perimeter of a 63 hectare A. gracilipes super colony at 
the time of discovery. 

Ant super colonies are defined as areas where ant 
densities are high enough to cause significant mortality 
to the Christmas Island Red Crab Gecarcoidea natalis 
(Pocock, 1888) (O’Dowd et al. 2003). This extirpation 
often causes a rapid and catastrophic shift in the 
rainforest ecosystem as G. natalis regulates seedling 
recruitment and litter breakdown across the island 
rainforest (O’Dowd and Green 2010). Anoplolepis 
gracilipes super colonies are very likely to have 
caused high levels of mortality to endemic reptiles 
such as Blue-tailed Skinks Cryptoblepharus egeriae 
(Boulenger, 1889); Forest Skinks Emoia nativitatis 
(Boulenger, 1887) and Lister’s Gecko Lepidodactylus 
listeri (Boulenger, 1889) all of which are in rapid 
decline (Smith et al. in press). 

For over a decade, the spread of A. gracilipes 
super colonies have been controlled by Christmas 
Island National Park. The control program applies 


the insecticide Fipronil® within AntOff® granular ant 
baits (active ingredient is Fipronil® O.Olg/kg) either by 
hand or aerially using a helicopter. In this instance, a 
helicopter baited the adjacent area in September 2009; 
it was the densest super colony on the island at the time 
(Boland et al. 2011). 

The capture occurred within Christmas Island 
National Park, but was less than 400 m from an inactive 
mine lease (Geoscience Australia 2011). The location 
was at the highest point of Powell’s Hill on the plateau 
area of the north-western region of the island (Figure 
1). A Garmin GPSmap 60CSx was used to mark the 
location as 10°28’40.9”S, 105°35’15.6”E WGS 84, 
which at the same time recorded an altitude of 361 m 
above sea level. Interestingly, the maximum altitude of 
Christmas Island is considered to be 361 m (Claussen 
2005). 

The area adjacent to the capture site was quite 
flat; however, there were outcroppings of limestone 
pinnacles (a common feature of the island), within 
50 m of the site. Anecdotal evidence suggests that 
these pinnacles provide a habitat for R. exocoeti 
following periods of high rainfall (Kim Chey, personal 
communication, in James 2005). The vegetation 
surrounding the capture site was evergreen tall closed 
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FIGURE 2 Tall closed canopy forest at the capture site. 


FIGURE 3 Forest floor at the capture site. 



FIGURE 4 Ramphotyphlops exocoeti. Length 300 mm. (Image: Dr. Dave Hunter). 


forest typical of the deep soiled plateau (Claussen 
2005). The dominant understorey species was Pandanus 
elatus and the dominant canopy species were Inocarpus 
fagifer and Pisonia umbellifera. The emergent species 
Syzygium nervosum and Hernandia ovigera were 
present (Figure 2). Canopy cover was calculated as 85% 
using Gap Light Analyzer 2.0. Leaf litter was present, 
but not abundant, and bare soil was exposed (Figure 3). 

The snake was found beneath a small, flat and 
rectangular section of rotting wood (400 x 150 x 20 


mm) and was first sighted as the piece of wood was 
overturned while DM searched for A. gracilipes. Once 
disturbed, the animal sought to escape into a small 
tunnel with a diameter of approximately 7 mm. The 
tunnel was carefully excavated in order to retrieve the 
snake but the depth was not recorded. 

Initially, the snake was suspected to be an introduced 
Flower Pot Blind Snake R. braminus (Daudin, 1803), as 
these snakes are now commonly found on Christmas 
Island (DM, personal observation, 2012). However, after 
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FIGURE 5 Ramphotyphlops exocoeti. Anterior dorsal 
view. (Image: Dr. Dave Hunter). 


closer inspection, it became apparent that the pinkish 
colouration and relatively long size of the individual 
were features consistent with previous descriptions of 
R. exocoeti. In addition to that, the larger specimens of 
R. braminus collected on Christmas Island are generally 
smaller and darker in coloration (DM, personal 
observation, 2012). 

The specimen was 300 mm in length and 6 mm in 
diameter. The snout-vent length was 290 mm. The 
tail section was 10 mm long, squat and quite similar 
in general dimensions to the anterior. The colouration 
was pale pink at the anterior, fading to pink grey at 
the posterior (Figure 4). Dorsal surfaces were darker 
in coloration than ventral and scale pigmentation 
was darker farther from the scale margin where 
pigmentation paled markedly. This feature was 
described as ‘brown spots’ by Boulenger (1887) which 
is an accurate description. Scales were flat, very smooth 
and juxtaposed. Vestigial eyes were distinct under the 
ocular scale with a dark coloration (Figure 5). 

One of us (MS) compared the specimen with 
photographs of R. braminus and noted that the rostral 
scale of R. exocoeti was noticeably wider than that of 
R. braminus as described by Cogger and Sadlier (1981). 
Images of the specimen were collected and emailed 
to Dr Hal Cogger for confirmation, who confirmed 
it as R. exocoeti and noted that diagnostic characters 
were based on a limited number of observations of 
R. exocoeti and a small number of R. braminus (H. 
Cogger, personal communication, 2011). While in 
captivity the dimensions of the rostral scale were 
not measured and an opportunity for a definitive 
measurable diagnostic feature was missed, however, we 
believe this morphological observation strengthens the 
use of the rostral scale as a diagnostic feature for future 
identification. 
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This discovery confirms that R. exocoeti is extant in 
the wild. The discovery of this individual fulfilled the 
first specific objective of the National Recovery Plan 
which was to find the species in the wild (Cogger 2006). 

The specimen was released shortly after its identity 
was confirmed. Subsequent visits to the area have not 
produced further sightings. 
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ABSTRACT - El Questro Wilderness Park comprises a relatively large privately owned wilderness 
area in the monsoon tropics of the eastern Kimberley, north-western Australia. Targeted surveys for 
butterflies were conducted between 2009 and 2012 during the dry season. Fifty-three species were 
recorded; a further two species are recorded in the literature, bringing the total list of butterflies for El 
Questro Wilderness Park to 55 species (or 68% of the Kimberley fauna). Comments are made on their 
occurrence, relative abundance, habitat preference and larval food plant associations. Several species 
represent new records for the eastern Kimberley, most of which comprise significant range extensions 
from previously known coastal localities in the northern and/or western Kimberley. Taxonomic remarks 
are made for five species listed for the wider Kimberley region for which there is considerable 
uncertainty. One of these, Telicota ancilla baudina Evans, 1949, is shown to comprise a junior synonym 
of Telicota augias krefftii (W.J. Macleay, 1866); the others comprise taxonomic misidentifications 
(Pelopidas agna, Theclinesthes serpentatus) or there is doubt regarding their authenticity ( Delias mysis, 
Danaus plexippus). The exclusion of these taxa brings the revised total number of species of butterflies 
recorded for the Kimberley to 81, of which only one is endemic to the region. 


KEYWORDS: Australian Monsoon Tropics, butterfly biodiversity, Lepidoptera, nomenclature, Papilionoidea 


INTRODUCTION 

The Kimberley encompasses an immense wilderness 
area of north-western Australia (approximately 260,000 
km 2 ) and comprises one of four major subregions within 
the monsoon tropics of northern Australia (Woinarski 
et al. 2007; Bowman et al. 2010). The butterfly fauna of 
the Kimberley was recently reviewed by Braby (2008) 
who listed 85 species for this vast area, of which one 
{Nesolycaena caesia ) is endemic to the region. Another 
species ( Leptosia nina ) is, within Australian limits, 
restricted to the Kimberley, but it also occurs widely in 
the Oriental Region. Apart from these two noteworthy 
components, available information suggests that 
despite the size of the region the butterfly fauna of the 
Kimberley is otherwise impoverished, with a relatively 
low species richness and low endemism, compared with 
the ‘Top End’ and Cape York Peninsula, two other major 
subregions of the Australian monsoon tropics (Braby 
2008). 

To date, most recording effort for butterflies in 
the Kimberley has been concentrated in the western 
(Warham 1957; Koch and van Ingen 1969; Common 
1981; McKenzie et al. 1995; Grund 1998; Williams 
et al. 2006; Peters 2006, 2008; Pierce 2008, 2010) 
and northern (Bailey and Richards 1975; Yeates 


1990; dApice and Miller 1992; Johnson 1993; Grund 
and Hunt 2001; Williams et al. 2006; Pierce 2008, 
2010) parts of the region. In contrast, the fauna of 
the eastern Kimberley, although reasonably well 
documented, has been less intensively sampled in terms 
of its geographical coverage, with most attention focused 
around the Kununurra district (Koch 1957; Le Souef 
1971; Dunn 1980; Field 1990; Yeates 1990; Johnson 
1993; Meyer 1995, 1996a; Grund and Hunt 2001; 
Franklin et al. 2005; Williams et al. 2006; Pierce 2010). 

El Questro Wilderness Park (Figure 1), hereafter 
abbreviated to E1Q, comprises a relatively large privately 
owned wilderness area that lies in the heart of the 
eastern Kimberley. Perusal of the scientific literature 
indicates that it has been inadequately sampled, with 
only 13 species of butterflies recorded ( Badamia 
exclamationis, Suniana lascivia, Telicota colon , 
Cephrenes trichopepla, Danaus petilia, Melanitis leda, 
Hypocysta adiante, Candalides erinus, Nesolycaena 
caesia, Nacaduba biocellata, Catopyrops florinda, 
Theclinesthes miskini and Lampides boeticus ) (see 
Meyer 1996b; Grund 1998; Franklin et al. 2005; 
Williams et al. 2006; Braby 2011). In this report, I 
provide a detailed list of the butterflies of E1Q based 
on opportunistic and quantitative surveys between 
2009 and 2012. The list is presented in annotated form 
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FIGURE 1 A. Map of study area showing El Questro Wilderness Park (shaded grey); B. map of the Kimberley, with 
extent rectangle showing EIQ in the eastern Kimberley; C. map of Australia, with extent rectangle showing 
the Kimberley in north-western Australia. Sampling sites are indicated by a star, with major sites indicated 
with numbers (1 = Pentecost River crossing (El Questro Rd), 2 = Saddleback Ridge, 3 = El Questro Gorge, 
4 = Zebedee Springs, 5 = Amalia Gorge, 6 = Emma Gorge resort, 7 = Emma Gorge plunge pool, 8 = King 
River crossing). 
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FIGURE 2 Savannah woodland along a dry gully, near Saddleback Ridge. 


and includes information on occurrence, relative 
abundance, habitat preference and larval food plant 
associations, together with previously published 
records. The fauna is then placed in the context of what 
is known about the butterflies of the wider Kimberley 
region. Taxonomic remarks and comments are also 
made on five species from the region which have 
proven to be erroneous - these records are excluded 
from the Kimberley. 

STUDY AREA 

E1Q is located 50 km west of Kununurra and to the 
south of Wyndham (Figure 1). It comprises a vast 
wilderness area of approximately 2,700 km 2 of complex 
ancient sandstone ranges and escarpments frequently 
dissected by steep-sided gorges. The vegetation is 
predominantly tropical savannah woodland with a 
spinifex understorey (Figure 2), but patches of monsoon 
forest persist along gorges with permanent springs 
(Figures 3, 4). Riparian paperbark open-forest with 
monsoon forest elements in the understorey also occurs 
along the banks of rivers such as the Pentecost River 
(Figure 5). E1Q lies in the lower rainfall (semi-arid) 
areas of the monsoon tropics in which the climate is 
monsoonal. The mean annual rainfall for Kununurra is 
approximately 800 mm, with most of the rain falling 
during the wet season between November and March. 
January and February are the wettest months. Fittle rain 
falls during the dry season, which extends from April to 


October. The driest period is from May to September. 
Mean maximum temperatures for Kununurra vary from 
30°C in July to 39°C in November (when humidity is 
also high), and mean minimum temperatures range 
from 15°C in July to 26°C in December (Bureau of 
Meteorology 2012). 

METHODS 

Butterflies were identified and recorded using a 
combination of methods, including direct sampling, 
visual observation aided by the use of 10 x 26 field 
binoculars, and digital macro photography. Samples 
were collected using conventional entomological sweep 
nets, the specimens of which are currently lodged in 
the Museum and Art Gallery of the Northern Territory, 
Darwin, the Western Australian Museum, Perth, and 
the Australian National Insect Collection, Canberra. 
E1Q was visited on five occasions during the early 
and mid dry season: 14-18 July 2009, 3-5 April 2010, 
15 May-3 June 2011, 2-6 August 2011 and 7-9 April 
2012. Figure 1 shows the sites sampled, most of which 
are located close to the El Questro Station. Nearly all 
walking tracks and roads accessible to the public were 
visited, with many of the records made opportunistically 
(i.e. as incidental records); however, during May-June 
2011 an intensive three-week quantitative inventory 
was conducted with the aid of volunteers across eight 
sampling sites, each comprising standardised 40 m x 
400 m transects that were sampled twice over a 3 h 
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FIGURES 3-4 Monsoon forest along permanent springs: 3, El Questro Gorge; 4, Emma Gorge. 
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FIGURE 5 Riparian paperbark open-forest with rainforest elements in the understorey, Pentecost River. 


period. Four of these sites were located in riparian areas 
along gorges/rivers with permanent (flowing) water 
and patches of monsoon forest; the four others were 
located in savannah woodland along seasonal gullies/ 
creeks that had no flowing water during the dry season. 
The numerical data for this survey will be reported 
elsewhere (M.F. Braby and M.R. Williams, unpublished 
data). Nomenclature for butterflies follows Braby (2010). 

The following acronyms refer to repositories 
where specimens have been lodged and/or examined: 

AM: Australian Museum, Sydney 

ANIC: Australian National Insect Collection, 

Canberra 

BMNH: Natural History Museum, London 
NTM: Museum and Art Gallery of the Northern 

Territory, Darwin 

WADA: Western Australia Department of Agriculture 
collection, Perth 

WAM: Western Australian Museum, Perth 

RESULTS 

HESPERIIDAE 

Badamia exclamationis (Fabricius, 1775), Narrow¬ 
winged Awl. Williams et al. (2006) recorded this species 


at Zebedee Springs in March 2003. 

Proeidosa polysema (Lower, 1908), Spinifex Sand- 
skipper. The early stages of this species were recorded 
at Saddleback Ridge and at a site 1 km N of Zebedee 
Creek crossing during May 2011. Larvae were found 
inside tubular shelters on tussocks of Triodia bitextura 
Lazarides (Poaceae) growing in savannah woodland on 
the lower slopes of a hill and along a dry rocky gully. 

Pelopidas lyelli lyelli (Rothschild, 1915), Lyell’s 
Swift. This species was generally recorded in moderate 
numbers (>10 adults) in riparian woodland with patches 
of monsoon forest along creeks with permanent 
water, and savannah woodland along dry rocky 
gullies; however, during the three-week survey in 
May-June 2011, adults were more frequently recorded 
and abundant in the wetter habitats. Larvae were 
commonly found in large tubular shelters on Mnesithea 
rottboellioides (R.Br.) de Koning and Sosef (Poaceae), a 
tall grass with broad blades, at Emma Gorge, Zebedee 
Springs and the Pentecost River crossing (El Questro 
Rd) near El Questro Station. Males established and 
defended territories by perching on low objects in sunlit 
areas during mid morning. 

Taractrocera anisomorpha (Lower, 1911), Large 
Yellow Grass-dart. A single male was collected in a 
sunlit grassy area near the entrance of El Questro Gorge 
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on 3 April 2010. An unidentified Taractrocera larva, 
possibly this species, was collected from within a shelter 
of dry grass leaves at Champaign Springs in August 

2011, but the adult failed to emerge. 

Ocybadistes hypomeloma vaga (Waterhouse, 1932), 
White-margined Grass-dart. Two males of this species 
were collected: one at Amalia Gorge on 15 July 2009, 
and another at El Questro Gorge on 3 April 2010. Both 
specimens were collected in moist sunlit grassy areas 
with permanent water near the entrances of the gorges. 

Ocybadistes Jiavovittatus vesta (Waterhouse, 1932), 
Narrow-brand Grass-dart. Two males were collected, 
and others observed, on the campground lawns adjacent 
to the Pentecost River at El Questro Station on 9 April 

2012 . 

Suniana lascivia larrakia L.E. Couchman, 1951, 
Dark Grass-dart. Braby (2011) recorded this species at 
El Questro Gorge where he observed a female during 
late morning deposit an egg on a broad fresh blade of 
Ischaemum australe R.Br. (Poaceae), which grew as 
a dense understorey grass along the edge of a creek, 
on 14 July 2009. Adults were also recorded at Amalia 
Gorge in July 2009 and at Emma Gorge Resort in April 
2010. During May-June 2011, adults were recorded 
frequently, but in low numbers (1-2 adults) in the wetter 
habitats with permanent water (e.g. at Emma Gorge, 
Zebedee Springs, El Questro Gorge, and the Pentecost 
River crossing near El Questro Station). They usually 
occurred where the larval food plant grew in abundance 
in sunlit areas. The hind wing underside of these 
specimens is variable, but the material appears to be 
closest to the subspecies S. lascivia larrakia from the 
Top End. 

Telicota colon argea (Fabricius, 1775), Pale-orange 
Darter. Braby (2011) recorded this species at Amalia 
Gorge where females were observed during the mid 
afternoon ovipositing on Ischaemum australe (Poaceae) 
growing along a creek on 15 July 2009; a larva was 
also collected within its shelter on the larval food plant 
and reared to adult in captivity. A female was collected 
from El Questro Gorge on 3 April 2010. During May- 
June 2011, the species was recorded only in the wetter 
habitats (e.g. at Emma Gorge, Zebedee Springs, and the 
Pentecost River crossing near El Questro Station) where 
larvae were found inside tubular shelters of Mnesithea 
rottboellioides (Poaceae) growing as a tall grass along 
the banks of streams; three larvae were reared to adult 
in captivity. 

Cephrenes trichopepla (Lower, 1908), Yellow Palm- 
dart. Williams et al. (2006) recorded this species at 
Zebedee Springs in March 2003, and Braby (2011) found 
it at both El Questro Gorge and the Pentecost River (4 
km NW of El Questro Station) breeding on Livistona 
nasmophila Dowe and D.L. Jones (Arecaceae) in July 
2009 and April 2010, respectively. Adults were also 
recorded at Amalia Gorge in July 2009. During May- 
June 2011, adults and larvae were found frequently, but 
in low numbers (<10), in riparian monsoon forest along 
El Questro Gorge and Zebedee Springs, and in riparian 
paperbark open-forest with monsoon forest elements in 
the understorey along the bank of the Pentecost River 


crossing (El Questro Rd) near El Questro Station. At 
these sites, larvae were usually found on L. nasmophila, 
but on the Pentecost River they were also recorded on 
L. lorophylla Becc. (Arecaceae) growing in the ecotone 
between riparian forest and savannah woodland. The 
material collected has the underside ground colour 
of the hind wing conspicuously suffused with green 
(particularly evident in reared specimens). 

PAPI LI 0 NI DAE 

Graphium eurypylus nyctimus (Waterhouse and Lyell, 
1914), Pale Triangle. A single adult was recorded in 
riparian monsoon forest at Emma Gorge plunge pool on 
4 April 2010. 

Papilio demoleus sthenelus W.S. Macleay, 1826, 
Chequered Swallowtail. This species was recorded near 
the entrances of Amalia Gorge and El Questro Gorge 
in April 2010. During May-June 2011, it was recorded 
infrequently and in low numbers (1-2) in savannah 
woodland (e.g. at a site 1 km N of Zebedee Creek 
crossing, and near El Questro Station); males were also 
recorded hilltopping (a mate location behaviour in which 
males search for receptive females for mating) at the 
lookout on Saddleback Ridge. 

PIERIDAE 

Catopsilia pyranthe crokera (W.S. Macleay, 1826), 
White Migrant. This migratory species was recorded 
in the early dry season at several sites, including Emma 
Gorge, Amalia Gorge and El Questro Gorge half way 
pool in April 2010, and again at El Questro Station in 
April 2012; however, it was not observed during the mid 
dry season in May-June 2011. 

Catopsilia pomona (Fabricius, 1775), Yellow Migrant. 
This species was recorded regularly, but in low numbers 
(<10), throughout E1Q and in a wide range of habitats 
during May-June 2011. 

Catopsilia scylla etesia (Hewitson, 1867), Orange 
Migrant. This species was recorded on two occasions: 
a female was collected at a site 1.2 km NW of Amalia 
Creek crossing as it flew rapidly along a dry rocky 
sandstone gully on 30 May 2011, and a male was 
observed at El Questro Station on 6 August 2011. 

Eurema laeta sana (Butler, 1877), Lined Grass-yellow. 
A single specimen (dry season form) was collected in 
riparian paperbark open-forest with monsoon forest 
elements in the understorey on the Pentecost River 
crossing (El Questro Rd) near El Questro Station on 1 
June 2011. 

Eurema herla (W.S. Macleay, 1826), Pink or 
Macleay’s Grass-yellow. This species was recorded 
frequently, but usually in low numbers (< 10), in 
savannah woodland along dry rocky gullies during 
May-June 2011. A few specimens were also recorded at 
Emma Gorge, a wetter site with flowing water. 

Eurema smilax (Donovan, 1805), Small Grass-yellow. 
This species was recorded in low numbers (1-2) usually 
along dry gullies, including sites at 1.5 km N of Amalia 
Creek crossing, 1 km N of Zebedee Creek crossing, and 
at the base of Saddleback Ridge; it was also recorded at 
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El Questro Gorge and the Pentecost River crossing (El 
Questro Rd) near El Questro Station. 

Eurema hecabe (Linnaeus, 1758), Large Grass- 
yellow. This species was recorded in moderate numbers 
(10-50) throughout E1Q in a wide range of vegetation 
types, and it was equally abundant in both wet and 
dry habitats during May-June 2011. Eggs were found 
on the foliage of Breynia cernua (Poir.) Muell.Arg. 
(Phyllanthaceae) growing in monsoon forest in the 
wetter habitats at Zebedee Springs and Pentecost River 
crossing (El Questro Rd), but at El Questro Gorge a 
female was observed ovipositing on Phyllanthus sp. 
(Phyllanthaceae). 

Elodina padusa (Hewitson, 1853), Narrow-winged 
Pearl-white. A few adults of this species were recorded 
in savannah woodland along a dry rocky sandstone 
gully with some monsoon forest elements at a site 1.2 
km NW of Amalia Creek crossing during May 2011. A 
single specimen was also collected at Emma Gorge in 
riparian woodland with patches of monsoon forest on 
steep slopes above the bank on 26 May 2011. 

Elodina walkeri Butler, 1898, Small Pearl-white. 
This species was recorded in low numbers (<10) 
during April 2010 and May-June 2011, but it was more 
widespread and abundant than E. padusa. It was most 
often encountered in moister habitats with permanent 
water and patches of monsoon vine thicket, including 
the slopes of Emma and El Questro Gorges; at the latter 
site adults frequently alighted on tall shrubs of Capparis 
jacobsii Hewson (Capparaceae), a possible a larval food 
plant. On several occasions adults were also recorded 
in savannah woodland, although they may have been 
dispersing through, rather than breeding in, this habitat. 

Belenois java teutonia (Fabricius, 1775), Caper White. 
No adults of this migratory species were observed; 
however, a single pupal exuvia was found on a shrub of 
Capparis jacobsii (Capparaceae) growing in savannah 
woodland along a dry rocky sandstone gully with some 
monsoon forest elements 1.2 km NW of Amalia Creek 
crossing in May 2011. 

Cepora perimale scyllara (W.S. Macleay, 1826), 
Caper Gull. This species was recorded in moderate 
numbers (>10) throughout E1Q in a wide range of 
vegetation types, and it was equally abundant in both 
wet and dry habitats during May-June 2011. Eggs were 
found on Capparis jacobsii (Capparaceae), which grew 
as a large shrub in vine thicket on steep rock scree 
slopes of El Questro Gorge; eggs and larvae were also 
recorded on both C. jacobsii and C. umbonata growing 
in savannah woodland along a dry rocky sandstone 
gully with some monsoon forest elements at a site 1.2 
km NW of Amalia Creek crossing. 

Delias argenthona fragalactea (Butler, 1869), Scarlet 
Jezebel. This species was recorded at Emma Creek in 
the Cockburn Ranges, Emma Gorge Resort, Amalia 
Gorge and King River crossing on the Gibb River Road. 
At Emma Gorge Resort, adults were observed during 
the morning flying around and feeding on the flowers of 
Corymbia sp. growing at the car park during 24-25 May 
and 4 August 2011. A cohort of 10 first instar larvae 


and three prepupae were subsequently recorded on the 
mistletoe Dendrophthoe glabrescens (Blakely) Barlow 
(Loranthaceae) growing in the canopy of Erythrophleum 
chlorostachys (F.Muell.) Baill. at this site on 2 June 
2011; a live pupa and one dead pupa were also found 
on grass blades about 1 m from ground level not far 
from the host tree. The larvae were collected and two 
adults were reared in captivity. The site was revisited 
on 4 August 2011 and a cohort of 14 final instar larvae 
was observed on the same clump of Dendrophthoe 
glabrescens. An adult and a cohort of five final 
instar larvae were recorded on a clump of Amyema 
sanguinea (F.Muell.) Danser (Loranthaceae) parasitising 
Eucalyptus camaldulensis Dehnh. growing in riparian 
woodland at King River crossing on 2-3 August 2011. 

NYMPHALIDAE 

Libythea geoffroy genia Waterhouse, 1938, Purple 
Beak. This species was recorded only at Emma and El 
Questro Gorges. At Emma Gorge plunge pool, a male in 
worn condition was photographed basking after drinking 
from moist sand during mid morning on 17 July 2009. At 
El Questro Gorge half way pool, a male in good condition 
was collected whilst settled on rocks/moist sand along the 
gorge on 3 April 2010. At both sites the putative larval 
food plant, Celtis philippensis Blanco (Cannabaceae), 
grew in abundance in monsoon forest on the steep 
sandstone slopes above creeks with permanent water. 

Danaus petilia (Stoll, 1790), Lesser Wanderer. Braby 
(2011) recorded this species at Emma Gorge breeding 
(i.e. eggs and larvae) on Tylophora flexuosa R.Br. 
(Apocynaceae) growing on sandstone rock scree just 
above Emma Creek in July 2009. During May-June 
2011, the species was recorded in moderate numbers 
(10-50) throughout E1Q in a wide range of habitats; 
however, it was more abundant in the wetter habitats 
with permanent water, for example, at El Questro Gorge. 

Danaus affinis afjinis (Fabricius, 1775), Swamp Tiger. 
A few adults were recorded in riparian paperbark open- 
forest with monsoon forest elements in the understorey 
on the Pentecost River crossing (El Questro Rd) near El 
Questro Station during May-June 2011. 

Euploea corinna (W.S. Macleay, 1826), Common 
Crow. This was the commonest species at E1Q, being 
recorded in high numbers in a wide range of habitats. 
It was most abundant in the wetter habitats (e.g. at El 
Questro Gorge, and Emma Gorge) where immense 
overwintering aggregations (>1000 individuals) 
were observed during the dry season in May-June 
2011. Eggs and larvae were found on Gymnanthera 
oblonga (Burm.f.) P.S.Green and Tylophora sp. 
(Apocynaceae) growing in riparian paperbark open- 
forest with monsoon forest elements in the understorey 
at the Pentecost River crossing (El Questro Rd) 
near El Questro Station. A mid instar larva was also 
recorded feeding on Sarcostemma viminale (L.) R.Br. 
(Apocynaceae) growing on open sandstone pavement at 
Champaign Springs in April 2012. 

Acraea andromacha andromacha (Fabricius, 1775), 
Glasswing. This species was recorded throughout E1Q 
in a wide range of habitats, but usually in low numbers 
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(1-2). It was more abundant at Emma and El Questro 
Gorges where larvae were found feeding on Adenia 
heterophylla (Blume) Koord. (Passifloraceae) growing 
in riparian monsoon forest. 

Junonia orithya albicincta Butler, 1875, Blue Argus. 
This species was recorded in moderate numbers (>10) 
throughout E1Q in a wide range of vegetation types, and 
it was equally abundant in both wet and dry habitats 
during May-June 2011. A larva and a pupa were found 
on Buchnera asperata R.Br. (Orobanchaceae) growing 
in savannah woodland along a dry gully at the base of 
Saddleback Ridge in May 2011. 

Junonia villida villida (Fabricius, 1787), Meadow 
Argus. This species was recorded in low numbers 
(1-2) throughout E1Q, although it was more frequently 
encountered in the drier habitats comprising savannah 
woodland. 

Junonia hedonia zelima (Fabricius, 1775), Chocolate 
Argus. This species was recorded on two occasions: 
a single specimen was collected in riparian woodland 
with patches of monsoon forest at Emma Gorge on 
2 June 2011, and another was observed in riparian 
swampland on the Pentecost River approximately 2.5 
km S of El Questro Station on 8 April 2012. 

Hypolimnas bolina nerina (Fabricius, 1775), Varied 
Eggfly. This species was recorded on the Pentecost 
River 4 km NW of El Questro Station in April 2010. 
During May-June 2011, it was recorded in low numbers 
(1-2) and only in the wetter habitats comprising 
monsoon forest with permanent water (e.g. Emma 
Gorge, Zebedee Springs, El Questro Gorge, Moonshine 
Gorge, and the Pentecost River near El Questro Station). 

Charaxes sempronius sempronius (Fabricius, 1793), 
Tailed Emperor. This species was recorded from many 
sites throughout E1Q during May and August 2011, 
but in low numbers (1-2). It was usually observed 
in savannah woodland or riparian woodland, but 
occasionally in monsoon forest (e.g. at Emma Gorge, 
and El Questro Gorge). Males were recorded hilltopping 
at the lookout on Saddleback Ridge. 

Melanitis leda bankia (Fabricius, 1775), Evening 
Brown. Franklin et al. (2005) recorded this species at 
Amalia Gorge on 14 August 2004. A few adults were 
recorded at Zebedee Springs and the Pentecost River 
crossing (El Questro Rd) near El Questro Station during 
May-June 2011 and April 2012. They were usually 
flushed from deep shade within riparian monsoon 
forest dominated by Livistona nasmophila or riparian 
paperbark open-forest with monsoon forest elements in 
the understorey. A pupa was collected on the underside 
of a leaf of Barringtonia acutangula (L.) Gaertn. 
from the Pentecost River; it subsequently proved to 
be parasitised by a species of Diptera. The larval food 
plant at this site was not determined, but it was possibly 
Imperata cylindrica (L.) Reausch. (Poaceae), which was 
locally abundant in the area. 

Hypocysta adiante antirius Butler, 1868, Orange 
Ringlet. Franklin et al. (2005) and Williams et al. (2006) 
both recorded this species, at El Questro Station in 
August 2004, and Amalia Gorge and Zebedee Springs in 


March-April 2003, respectively. Braby (2011) recorded 
it at El Questro Gorge, where he noted a late instar larva 
feeding on a blade of Ischaemum australe (Poaceae) on 
14 July 2009. During May-June 2011, the species was 
recorded in high numbers (10-100) throughout E1Q in 
a wide range of vegetation types, and it was equally 
abundant in both wet and dry habitats. 

Ypthima arctous arctous (Fabricius, 1775), Dusky 
Knight. This species was recorded in low numbers 
(<10), usually in savannah woodland along dry creeks 
and gullies or in riparian woodland, but it was also 
recorded along the edge of wet monsoon forest at 
Zebedee Springs. 

LYCAENIDAE 

Arhopala eupolis asopus Waterhouse and Lyell, 1914, 
Purple Oak-blue. This species was recorded only at El 
Questro Gorge and the Pentecost River at El Questro 
Station, where it was restricted to riparian monsoon 
forest or riparian paperbark open-forest with monsoon 
forest elements in the understorey and colonies of the 
attendant ant Oecophylla smaragdina. At both of these 
locations it was reasonably abundant, being observed in 
moderate numbers (>10) during the afternoon. 

Ogyris amaryllis (Hewitson, 1862), Satin Azure. 
A breeding colony of this species was recorded at 
King River crossing on the Gibb River Road on 2-3 
August 2011. Numerous eggs were found singly on the 
junctions of stems of Amyema sanguinea (Loranthaceae) 
parasitising Eucalyptus camaldulensis growing in riparian 
woodland; an early instar larva and a pupa (both of which 
were reared to adult in captivity) were also collected under 
loose bark of branches of the host tree around which the 
mistletoe grew. Males flew high in the canopy of the 
host tree, frequently alighting for short periods on dead 
branches and clumps of the larval food plant during early 
to mid afternoon; a female was observed lower down 
flying around and settling on the foliage of the food plant, 
also during mid afternoon. The subspecific status of this 
population has not been determined. 

Anthene lycaenoides godeffroyi (Semper, [1879]), 
Pale Ciliate-blue. This species was recorded on two 
occasions: a female was observed in monsoon vine 
thicket growing on a steep slope of El Questro Gorge 
on 17 May 2011, and a female was collected in riparian 
paperbark open-forest with monsoon forest elements 
in the understorey on the Pentecost River crossing (El 
Questro Rd) near El Questro Station on 21 May 2011. 

Candalides margarita gilberti Waterhouse, 1903, 
Trident Pencil-blue. This species was recorded at Emma 
Gorge and King River crossing on the Gibb River Road. 
At Emma Gorge Resort, two empty egg shells were 
collected from the petiole of a leaf of Dendrophthoe 
glabrescens (Loranthaceae) parasitising Erythrophleum 
chlorostachys on 2 June 2011. Further upstream 
at Emma Gorge, a female was observed at 1245 h 
WST associated with a clump of Amyema bifurcata 
(Benth.) Tiegh. (Loranthaceae) parasitising Corymbia 
confertiflora (F.Muell.) K.D. Hill and L.A.S. Johnson on 
4 August 2011; the butterfly flew around the mistletoe 
clump, which grew high up in the canopy, for several 
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minutes during which time she frequently alighted 
on the foliage, sometimes to bask, but it could not be 
ascertained if she laid eggs. At King River crossing, 
several eggs were found on the foliage of Amyema 
sanguinea parasitising Eucalyptus camaldulensis 
growing in riparian woodland on 3 August 2011; one 
egg hatched two days later and the first instar larva was 
preserved. 

Candalides erinus erinus (Fabricius, 1775), Small 
Dusky-blue. Braby (2011) recorded this species at 
Amalia Gorge, where a larva was collected on Cassytha 
capillaris Meisn. (Lauraceae) parasitising Triodia sp. 
growing on a lower rocky slope with a north facing 
aspect above the gorge on 2 April 2010. During May- 
June 2011, the species was found to be widespread, but 
usually recorded in low numbers (<10), often on open 
rocky slopes with spinifex adjacent to wetter habitats 
comprising monsoon forest. At the base of Saddleback 
Ridge, it was locally abundant in savannah woodland 
along a dry gully where females were observed 
ovipositing on C. capillaris parasitising Triodia 
bitextura. Males were also recorded hilltopping at the 
lookout on Saddleback Ridge during May 2011. 

Candalides delospila (Waterhouse, 1903), Spotted 
Dusky-blue. A single male was collected in savannah 
woodland with a spinifex-dominated understorey on 
sandstone at Saddleback Ridge not far from the lookout 
on 16 May 2011. 

Nesolycaena caesia dApice and Miller, 1992, 
Kimberley Opal. Meyer (1996b) recorded this species 
in a shallow gully on the El Questro Road 0.7 km N of 
Amalia Gorge in April 1995. 

Nacaduba biocellata biocellata (C. and R. Felder, 
1865), Two-spotted Line-blue. Franklin et al. (2005) 
recorded a few individuals of this species at El Questro 
Station in August 2008. During May-June 2011, the 
species was recorded mainly in savannah woodland 
but occasionally in riparian monsoon forest (e.g. at 
Emma Gorge, and El Questro Gorge). At the base of 
Saddleback Ridge, adults were locally abundant and 
larvae were collected (and reared to adult) on the flower 
buds of trees of Acacia plectocarpa A.Cunn. ex Benth. 
(Fabaceae). Males were particularly abundant at this 
site during mid morning, fluttering slowly close to the 
ground within a few metres of the base of tree trunks 
of the larval food plant; however, by early afternoon 
their flight behaviour changed dramatically and they 
were noted to fly in fewer numbers around flowers and 
leaves in the canopy of the food plant. The larvae of 
N. biocellata are known to pupate in the leaf litter and 
debris on the ground at the base of the food plant (Braby 
2000) and presumably the pupation sites are used as 
encounter sites by males during the morning to detect 
freshly emerged (receptive) females for mating. 

Prosotas dubiosa dubiosa (Semper, [1879]), Purple 
Line-blue. A single male was collected in savannah 
woodland along a dry gully at the base of Saddleback 
Ridge on 28 May 2011. 

Catopyrops florinda estrella (Waterhouse and Lyell, 
1914), Speckled Line-blue. Williams et al. (2006) 


recorded this species near Amalia Gorge based on the 
observations of C.E. Meyer. Braby (2011) subsequently 
found the species breeding (i.e. eggs and larva) on 
Dodonaea hispidula Endl. (Sapindaceae) near the 
entrance of Amalia Gorge on 2 April 2010. During 
May-June 2011, the species was regularly recorded 
in moderate numbers (>10) in the wetter habitats 
comprising monsoon forest with permanent water, but 
it was also frequently recorded in savannah woodland 
along dry gullies. Eggs and larvae were also recorded 
on D. hispidula at Emma Gorge and at a site 1.5 km N of 
Amalia Creek crossing. 

Theclinesthes miskini miskini (T.P. Lucas, 1889), 
Wattle Blue. Braby (2011) recorded this species breeding 
(i.e. eggs, ovipositing female) on a sapling of Acacia 
holosericea A.Cunn. ex G.Don (Fabaceae) growing 
in riparian woodland along the bank of the Pentecost 
River 4 km NW of El Questro Station on 2 April 2010; 
the larval food plant was occupied by a colony of sugar 
ants Camponotus sp. denticulatus group, which may 
have been attending the early stages. During May-June 
2011, T. miskini was recorded from many sites, mainly 
in savannah woodland, but generally in low numbers 
(1-2). It was more abundant at the lookout of Saddleback 
Ridge where males were observed hilltopping during the 
afternoon. 

Jamides phaseli (Mathew, 1889), Purple Cerulean. 
This species was usually recorded in moderate numbers 
(>10) from several habitats, but mostly in riparian 
monsoon forest; however, it was very numerous (>100) 
at Emma Gorge in May 2011 and at El Questro Gorge 
in April 2012. Adults were locally abundant around 
shrubs of Bossiaea bossiaeoides (A.Cunn. ex Benth.) 
Court (Fabaceae) at Emma Creek on the plateau of the 
Cockburn Ranges; a female was subsequently observed 
in the afternoon ovipositing on new leaf growth of this 
plant growing in the understorey of riparian eucalypt 
woodland along a sandstone gully with a spinifex 
understorey. Further searches revealed a number of 
eggs, all laid singly on dried leaf tissue of this plant. 
Eggs were not found on the flower buds, which were 
numerous. 

Catochrysops panormus platissa (Herrich-Schaffer, 
1869), Pale Pea-blue. This species was recorded on two 
occasions: a male was collected in riparian paperbark 
open-forest with monsoon forest elements in the 
understorey on the Pentecost River crossing (El Questro 
Rd) near El Questro Station on 31 May 2011, and several 
adults (one male of which was collected) were recorded 
at the entrance to El Questro Gorge on 7 April 2012. 

Lampides boeticus (Linnaeus, 1767), Long-tailed 
Pea-blue. Both Grund (1998) and Franklin et al. (2005) 
made references to this species. Grund (1998) recorded 
the immature stages on Crotalaria novae-hollandiae 
DC. (Fabaceae) at El Questro Gorge during October 
1997, while Franklin et al. (2005) noted two individuals 
(one of which was netted) near the bank of the Pentecost 
River in August 2004. The species was recorded 
infrequently during this study: a male was collected in 
riparian woodland on the Pentecost River 4 km NW of 
El Questro Station on 2 April 2010, and a female was 
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collected in savannah woodland along a rocky sandstone 
gully 0.7 km N of Amalia Gorge on 14 May 2011. 

Zizina otis labradus (Godart, [1824]), Common Grass- 
blue. This species was frequently recorded in moderate 
numbers (>10) in savannah woodland, especially along 
dry rocky gullies, in many areas of E1Q during May- 
June 2011. 

Famegana alsulus alsulus (Herrich-Schaffer, 1869), 
Black-spotted Grass-blue. This species was recorded 
predominantly in savannah woodland along dry gullies 
where at some sites it was very abundant during May- 
June 2011. A female was observed during the morning 
ovipositing on Vigna lanceolata Benth. var. filiformis 
(Fabaceae) at the base of Saddleback Ridge. 

Zizula hylax attenuata (T.R Lucas, 1890), Dainty 
Grass-blue. This species was recorded on two occasions: 
a specimen was collected on the edge of riparian 
paperbark-pandanus open-forest at the Pentecost River 
crossing (El Questro Rd) near El Questro Station on 
21 May 2011, and another was collected on the edge of 
monsoon forest at El Questro Gorge on 27 May 2011. 

Euchrysops cnejus cnidus Waterhouse and Lyell, 
1914, Spotted Pea-blue. This species was recorded 
infrequently in E1Q and usually in low numbers (<10) 
during May-June 2011. It was observed mainly in 
savannah woodland along dry rocky gullies, but it was 
also recorded in the ecotonal habitat along the Pentecost 
River near El Questro Station. 

Freyeria putli putli (Kollar, [1844]), Jewelled Grass- 
blue. This species was recorded very infrequently in 
both dry and wet habitats throughout E1Q during May- 
June 2011, always as solitary individuals. 

DISCUSSION 

Fifty-five species of butterflies are now recorded for 
E1Q. This number represents two-thirds of all butterfly 
species listed for the entire Kimberley (Braby 2008). 
However, since no surveys have been undertaken 
during the wet season, additional species are to be 
expected. Comparison of the list with reports elsewhere 
in the eastern Kimberley, particularly the Kununurra- 
Wyndham district, indicate that a further 10 species 
(Hesperilla sexguttata, Suniana sunias, Papilio fuscus, 
Danaus genutia, Tirumala hamata, Hypolimnas 
misippus, Ogyris oroetes, O. zosine, Theclinesthes 
sulpitius, Zizeeria karsandra ) have been recorded, 
but not from E1Q (see compilations in Koch 1957; Le 
Souef 1971; Dunn 1980, 1985; Field 1990; Meyer 1996a; 
Braby 2000, 2011; Grund and Hunt 2001; Williams 
et al. 2006). Some of these species may well occur in 
E1Q, especially from the northern sections such as the 
Cockburn Range, which remains poorly surveyed. 

No new butterfly records for the Kimberley were 
detected during the survey, but several species are 
worthy of comment. Five species ( Ocybadistes 
hypomeloma, Graphium eurypylus, Eurema laeta, 
Anthene lycaenoides, Jamides phaseli ) represent new 
records for the eastern Kimberley, and most of these 
comprise significant range extensions from previously 


known coastal localities in the northern and/or western 
Kimberley. Meyer (1996b) collected a single female 
of Nesolycaena caesia near Amalia Gorge in April 
1995; the butterfly otherwise is known only from the 
northern Kimberley near Kalumburu (d’Apice and 
Miller 1992) and represents the only species of butterfly 
endemic to the entire Kimberley. Extensive searches 
for this sedentary species, and its putative larval food 
plant Boronia wilsonii (F.Muell. ex Benth.) Duretto, 
failed to detect its presence. The specimen collected 
by Meyer was in good condition according to extent of 
wing wear, indicating that a breeding population of N. 
caesia occurs within or close to E1Q. It is possible that 
the species breeds on the upper sandstone slopes and 
lower escarpments of the Cockburn Range, 10 km to the 
north of Amalia Gorge, and that the captured female had 
dispersed out of the plateau country. 

The extent of the study was too limited to determine 
the relative proportions of butterfly species that are 
resident, immigrant and vagrant. However, larval food 
plants were recorded for 24 species (44%) of butterflies 
at E1Q (Table 1) and, with the exception of Belenois 
java, these butterflies are considered to be resident 
(i.e. breed regularly with some life cycle stage present 
throughout the year). In general, there was a distinction 
between species breeding in the wet or dry habitats 
according to their larval food plant associations, with 
apparently more species in the former; but at least four 
species ( Cepora perimale, Euploea corinna, Candalides 
erinus, Catopyrops florinda) were found breeding on 
plants growing in both habitats. Out of a total of 33 
butterfly-plant associations recorded for E1Q (Table 
1), 10 represent new larval food plant associations for 
Australia, viz. Mnesithea rottboellioides for Telicota 
colon and Pelopidas lyelli, Triodia bitextura for 
Proeidosa polysema, Capparis jacobsii for Cepora 
perimale and Belenois java, Sarcostemma viminale 
for Euploea corinna, Buchnera asperata for Junonia 
orithya, Amyema sanguinea for Candalides margarita, 
Bossiaea bossiaeoides for Jamides phaseli, and Acacia 
plectocarpa for Nacaduba biocellata, while several 
others represent new associations for north-western 
Australia (cf. Braby 2000; 2011). A more detailed list of 
these new associations will be reported elsewhere. 

TAXONOMIC REMARKS ON THE KIMBERLEY FAUNA 

Braby (2008) listed 85 species of butterflies for the 
Kimberley; however, during the course of scrutinising 
the literature for this study it became apparent that 
records for four of these species, plus a fifth that was 
overlooked in that review, are in error. These records 
are excluded, bringing the revised total number of 
species for the Kimberley to 81. Justification and 
taxonomic remarks are provided below for the exclusion 
of these species from the fauna. In addition, it is worth 
mentioning the record of the papilionid Pachliopta 
liris (Godart, 1819) from the Kimberley. Rothschild 
(1895) dismissed this record, but Waterhouse and 
Lyell (1914, p. 169) formally listed and illustrated the 
species and stated that ‘we believe that a form of this 
species does occur in northwest Australia, probably 
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TABLE 1 Confirmed larval food plant associations for butterflies at El Questro Wilderness Park according to broad 
habitat type. Wet habitats comprise riparian woodland, often with patches of monsoon forest, along 
gorges/rivers with permanent (flowing) water; dry habitats comprise savannah woodland along seasonal 
gullies/creeks or rocky slopes that had no flowing water during the dry season. 


Larval food plant 

Butterfly species 

Wet habitat Dry habitat 

Arecaceae 

Livistona nasmophila 

Livistona lorophylla 

Cephrenes trichopepla 

Cephrenes trichopepla 

Poaceae 


Undetermined grass sp. 

Ischaemum australe 

Melanitis leda 

Suniana lascivia, Telicota colon, Hypocysta adiante 

Mnesithea rottboellioides 

Telicota colon, Pelopidas lyelli 

Triodia bitextura 

Proeidosa polysema 

Apocynaceae 

Gymnanthera oblonga 

Sarcostemma viminale 

Euploea corinna 

Euploea corinna 

Tylophora flexuosa 

Tylophora sp. 

Danaus petilia 

Euploea corinna 

Capparaceae 

Capparis jacobsii 

Capparis umbonata 

Cepora perimale Cepora perimale, Belenois java 

Cepora perimale 

Fabaceae 


Acacia holosericea 

Theclinesthes miskini 

Acacia plectocarpa 

Bossiaea bossiaeoides 

Nacaduba biocellata 

Jamides phased 

Crotalaria novae-hollandiae 

Lampides boeticus 

Vigna lanceolata 

Famegana alsulus 

Lauraceae 


Cassytha capillaris 

Candalides erinus Candalides erinus 

Loranthaceae 


Amyema sanguinea 

Delias argenthona, Candalides margarita, 

Ogyris amaryllis 

Dendrophthoe glabrescens 

Delias argenthona, Candalides margarita 

Orobanchaceae 


Buchnera asperata 

Junonia orithya 

Passifloraceae 


Adenia heterophylla 

Acraea andromacha 

Phyllanthaceae 

Breynia cernua 

Phyllanthus sp. 

Eurema hecabe 

Eurema hecabe 


Sapindaceae 

Dodonaea hispidula 


Catopyrops florinda 


Catopyrops florinda 
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in the tropical scrub of the Ord River.’ The record was 
based on specimens labelled ‘N.W. Australia’ in the 
BMNH collected by A. Cunningham who visited both 
north-western Australia and Timor. Waterhouse (1932) 
and Common and Waterhouse (1972) subsequently 
followed Rothschild (1895) and attributed the record to a 
labelling error, noting that P. liris also occurs in Timor 
and its adjacent islands where several subspecies are 
recognised. Pachliopta liris is currently not officially 
recognised as being part of the Australian fauna, 
and since there is no additional evidence to indicate 
anything to the contrary, the species should remain 
excluded until proven otherwise. 

Telicota ancilla (Herrich-Schaffer, 1869) 

Evans (1949, p. 399) introduced the species group 
name baudina and described it as a subspecies of T. 
ancilla. He noted that T. ancilla baudina Evans, 1949, 
comprised ‘A pale form with broad tawny areas and 
the dark border upf in $ traversed by tawny veins, 
resembling horisha and argilus. Unh as in argilus .’ 
The taxon argilus referred to was a name introduced 
earlier by Waterhouse (1933) as a subspecies of Telicota 
augias (Linnaeus, 1763). Telicota augias argilus 
Waterhouse, 1933 (which was originally described as 
T. krefftii argilus ) is now generally regarded as a junior 
synonym of T. augias krefftii (W.J. Macleay, 1866) 
(originally described as Pamphilla krefftii ) due to the 
extent of variation on the underside of the hind wing 
(Braby 2000; 2010). Evans’ (1949) concept of baudina 
was based on 16 syntypes (15$, 1$) in the BMNH, with 
specimens recorded from the north-western Kimberley 
at Queen Island (= Queen’s Inlet, 1$) and Baudin Island 
(9$), Cassini Island (1$) and Parry Harbour (1$) in 
the Admiralty Gulf, WA, and from Darwin (3$, 1$) 
in the Top End, NT. Evans (1949, p. 399) gave the type 
locality as Baudin Island by stating that ‘$ Baudin Is.: 
J. J. Walker : type B.M.’; however, apart from placing 
a BMNH type label on one of the nine specimens 
from Baudin Island he did not designate a holotype. 
Edwards et al. (2001) referred to a holotype and gave 
type information, but this is interpreted as a lectotype 
designation (Article 74, ICZN 1999) since Evans did not 
explicitly state which specimen among the type series 
was the holotype. The lectotype male of Telicota ancilla 
baudina (Figures 12-14) is labelled as follows: ‘Baudin I d , 
6/91, JJW’, ‘Walker coll, 91-155, Baudin I., vi.91.’, ‘Type | 
baudina Evans’, ‘BMNH(E) #982813’, genitalia mounted 
on separate card (BMNH). The label data thus indicates 
that the specimen was collected from the north-western 
Kimberley, WA, in June 1891 by J. J. Walker. 

The only other species of Telicota that occurs in 
north-western Australia are T. augias krefftii and 
T. colon argea (Plotz, 1883) (Braby 2008). Telicota 
augias krefftii, which is restricted to northern Australia 
and the Torres Strait islands, occurs widely in the 
Kimberley and Top End where it breeds in patches 
of monsoon forest where the larval food plant 
Flagellaria indica L. (Flagellariaceae) grows, while T. 
colon argea is distributed similarly in north-western 
Australia but the larvae specialise on several grasses 
(Ischaemum australe Mnesithea rottboellioides, 


Paspalum scrobiculatum ) growing in non-rainforest 
habitats. Besides Evans’ (1949) historical records of T. 
ancilla, there have been no subsequent reliable records 
of this species from north-western Australia. Although 
several authors have referred to material from the Top 
End (Hutchinson 1978; Dunn and Dunn 1991; Meyer et 
al. 2006) that they tentatively identified as a taxon (i.e. T. 
ancilla baudina) distinct from T. augias or T. colon, these 
records remain unconfirmed. 

Examination and comparison of Evans’ syntypes, 
including the lectotype male (Figures 12-14), in the 
BMNH with an extensive series of Telicota spp. from 
north-western Australia in the NTM, have confirmed 
that T. ancilla baudina is the same species as T. augias 
krefftii. The type locality of nominate T. augias augias 
is Java (Edwards et al. 2001). The type locality of T. 
augias krefftii is Cape York, QLD, while the type 
locality of T. augias argilus is Darwin, NT (Evans 1949; 
Edwards et al. 2001). The type specimens of these two 
species group names are illustrated in Figures 6-11 
for comparison with the lectotype of T. ancilla baudina. 
Interestingly, in his description of argilus, Waterhouse 
(1933) referred to a specimen(s) from Baudin Island 
in the BMNH which he placed under that name, but 
not under T. ancilla. Evans (1949) only examined 
and compared three specimens of T. augias krefftii 
(under the name T. augias argilus ) from north-western 
Australia (2$, 1$ from Darwin) and he noted that 
this subspecies was distinguished in that it comprised 
‘A paler, yellower form...with broad tawny areas.’ 
Although Evans did not explicitly say how baudina 
and argilus differed from each other, his description 
of the upperside of argilus differs little from baudina 
and, furthermore, he noted that the underside pattern of 
baudina was identical to that of argilus. 

In Australia, T. augias males can be distinguished 
from those of T. ancilla by their smaller size, brighter 
and broader orange markings on the upperside, the less 
produced and more rounded tornus of the hind wing, 
and the lack of green suffusion to the underside ground 
colour; there are also pronounced differences in the 
genitalia (Braby 2000). In north-western Australia, 
T. augias and T. colon are sometimes difficult to 
distinguish, but in T. augias males the upperside ground 
colour is darker orange, the patch of androconial scales 
on the fore wing is darker grey, the orange ground 
colour distal to the postmedian band extends broadly 
along the veins but rarely reaches the termen, and the 
postmedian band on the upperside of the hind wing is 
usually broader. In T. augias, on the underside of the 
hind wing, the ground colour is darker orange with a 
broader postmedian band that is conspicuously edged 
with dark brown, whereas in T. colon the ground colour 
is yellow-orange often with a greenish tinge (more 
evident in reared specimens) and the postmedian band 
is narrower with the brown edge poorly developed 
or absent. In this regard, Evans’ paralectotypes of 
baudina agree with T. augias than T. colon, although the 
lectotype male (Figures 12-13) is somewhat divergent 
from the rest of the type series. 

The geographic distribution of T. ancilla in Australia 
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20 mm 

FIGURES 6-14 Type specimens of Telicota augias from Australia: 6-8, lectotype male of Pamphila krefftii from Cape 
York, QLD (AM); 9-11, holotype male of Telicota krefftii argil us from Darwin, NT (AM); 12-14, lectotype 
male of Telicota ancilla baudina from Baudin Island, WA (BMNH). Shown for each type specimen is the 
upperside, underside and label data. 


should now be excluded from the Kimberley and Top 
End, and revised to include only the eastern coast of 
Queensland and New South Wales. The synonymy of 
T. augias in Australia based on these nomenclatural 
changes is therefore as follows: 

Telicota augias (Linnaeus, 1763) 

ssp. krefftii (W.J. Macleay, 1866) 

= argilus Waterhouse, 1933 
= baudina Evans, 1949 

Pelopidas agna (Moore, [1866]) 

Yeates (1990) recorded P. agna from the Kununurra 
district, WA, based on three males lodged in the WADA, 
and noted that one of the specimens had been reared 
from rice. Braby (2000, Plate 18, Figure 2) illustrated 
a specimen identified as P. agna from Kununurra (1$ 
labelled ‘Kununurra, NT [sic], 2 Apr. 1970 emg, A.G. 
Wilson’ ANIC), the specimen being part of a larger 
series that was identified and illustrated in the same 
publication as P. lyelli lyelli (Rothschild, 1915). Dunn 
and Dunn (1991) indicated that P. agna had been 
recorded from Derby, WA, as well as from several 
locations in the Top End of the Northern Territory, 
based on female specimens in the South Australian 
Museum which he tentatively assigned to this species. 
The three males in WADA referred to by Yeates (1990) 
are labelled as follows: if ‘Kimberley Research Station, 
WA, Ex. Rice, 20.U963, K.T. Richards’, ‘DAFWA 
ICDB #94190’; if ‘Kimberley Res. Stn, 10.iii.1964, K.T. 


Richards’, ‘ Pelopidas agna dingo Evans, Hesperidae, 
I.F.B. Common 1967’, ‘DAFWA ICDB # 94191’; if 
‘Kununurra, WA, Ex. Farm, 7T.1968, D. Hardie’, 
‘DAFWA ICDB #94192’. Examination of this material 
indicates that all specimens have been misidentified 
and are in fact P. lyelli. Examination of other material 
from the Kimberley and Top End preserved in the 
NTM indicates that all specimens belong to P. lyelli. 
Moreover, there are no known male specimens of P. 
agna from north-western Australia in any of the major 
museum collections in Australia (see also Dunn and 
Dunn 1991). Pelopidas lyelli males differ from those of 
P. agna principally by the relative position of the two 
white cell spots in relation to the patch of androconia on 
the upperside of the fore wing - a line drawn through 
these spots crosses the patch in P. lyelli but not in P. 
agna (Braby 2000). Females of the two species are 
more difficult to distinguish because the orientation of 
white cell spots on the fore wing varies in P. lyelli, but 
generally the spots are larger and more pronounced and 
the underside ground colour is paler compared with P. 
agna. The geographic distribution of P. agna in Australia 
should now be excluded from the Kimberley and Top 
End, and revised to include only the eastern coast of 
Queensland and northern New South Wales. 

Delias mysis (Fabricius, 1775) 

Records of D. mysis from the Kimberley were based 
on the observations of Warham (1957), who recorded the 
species from the western Kimberley at Derby, Cockatoo 
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Island and Wotjalum Mission in Yampi Sound, WA. 
Subsequent authors (Common and Waterhouse 1972, 1981; 
Dunn and Dunn 1991; Hay et al. [1994]; Braby 2000) have 
attributed these records to the subspecies D. mysis aestiva 
Butler, 1897. The taxon aestiva, however, was considered 
by Braby (2012) to comprise a species distinct from D. 
mysis according to substantial comparative differences 
in morphology (male genitalia) and wing colour pattern 
of the adult, morphology and behaviour of the immature 
stages, and ecology. Warham (1957) did not retain voucher 
specimens, his records being based solely on observations, 
and his identifications were based on Waterhouse (1932), 
which neither provided illustrations nor distribution maps 
of D. aestiva Butler, 1897. Moreover, subsequent field 
studies by Koch and Van Ingen (1969) and McKenzie et 
al. (1995) at Koolan Island, which is adjacent to Cockatoo 
Island, did not list D. aestiva, but they did record D. 
argenthona fragalactea, a subspecies which occurs widely 
in coastal and sava nn ah woodland areas of north-western 
Australia and which superficially resembles D. mysis 
mysis in that it has a relatively narrow scarlet subterminal 
band on the underside of the hind wing. Curiously, D. 
argenthona was not mentioned by Warham (1957) in 
his account of butterflies of the western Kimberley. 
Hence, it is very likely that Warham (1957) misidentified 
D. argenthona fragalactea as D. mysis, which has 
subsequently been interpreted to be D. aestiva. Hence, the 
geographic distribution of D. mysis in Australia should 
be revised to include only north-eastern Queensland, 
while that of D. aestiva be restricted to the Top End of the 
Northern Territory. 

Danaus plexippus (Linnaeus, 1758) 

Dunn (1980) observed an adult Danaus at Kununurra 
in late August 1979 when he was a Victorian high school 
student. He identified the specimen as D. plexippus and 
noted ‘The adult flew past me near the main street in 
Kununurra opposite a large grassed area...probably a 
playing field I think. I recall chasing after it immediately 
with my net for about 100 m but it was going very fast 
and I could not catch up with it. I wanted the specimen 
for the record as I knew it was interesting. It flew at right 
angles to the main street and into the park. The adult was 
very old...much wing wear evident and quite faded. It 
was a large adult, and I saw the characteristic marking of 
plexippus .’ (K.L. Dunn, pers. comm. 2011). Apart from 
this single record, D. plexippus otherwise is not known 
from north-western Australia, being more common in the 
subtropics of the south-east of the continent. The specimen 
in question may well have been confused with the similar 
looking D. genutia alexis (Waterhouse and Lyell, 1914), 
which occurs commonly in Kununurra where it breeds 
on the edge of Lily Creek Lagoon, banks of the lower Ord 
River and Lake Kununurra (Meyer 1995). 

Theclinesthes serpentatus (Herrich-Schaffer, 1869) 

Peters (2006, p. 114) recorded this species from the 
coastal town of Broome, WA, on 27 July 2001, noting that 
‘One male was collected in the grounds of the Mercure 
Inn’. The specimen was caught on a low flowering plant 
close to the reception office of the motel (J.V. Peters, 
pers. comm. 2011). Theclinesthes serpentatus otherwise 


is a species with a more temperate distribution and this 
record comprises the only known occurrence within the 
Kimberley and indeed the entire Australian monsoon 
tropics. Williams et al. (2006), however, recorded 
specimens from the same general locality, which they 
identified as T. sulpitius (Miskin, 1890), the sister species 
to T. serpentatus : three specimens were collected from 
a seasonal wetland area at Junction Pool, 9 km NNE 
of Broome, WA, on 6 April 2003 by G. Swann (A.A.E. 
Williams pers. comm. 2011). I have examined and 
compared digital images of both adult collections from 
Broome and conclude that they belong to one and the 
same species, namely T. sulpitius. The specimens closely 
align with material I have collected from Wyndham, 
WA, and from near Darwin, NT. Both species closely 
resemble each other and are difficult to separate, but the 
main points of difference concern three colour pattern 
characters and one ecological character: (1) upperside 
ground colour; (2) extent of tornal spots on hindwing; (3) 
extent of white patch on underside of hindwing; and (4) 
habitat and larval food plant specialisation. In T. sulpitius, 
the upperside ground colour is brown with the blue area 
absent or restricted to the basal areas, whereas in T. 
serpentatus the blue area is extensive. The tornal spots on 
the hindwing in T. sulpitius are conspicuous, especially 
on the underside, whereas they are generally obscure in 
T. serpentatus. The white patch on the underside of the 
hindwing is usually present, but generally less extensive, 
in T. sulpitius, whereas it is always present and generally 
extensive in T. serpentatus. The larvae of T. sulpitius 
specialise on samphires in coastal mudflats, whereas T. 
serpentatus feed on a wide range of chenopod saltbushes 
other than samphires. 
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Description and biogeographic implications 
of a new species of the Chenistonia maculata 
group from south-western Western Australia 
and rediagnosis of Chenistonia (Araneae: 
Mygalomorphae: Nemesiidae) 
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ABSTRACT - The new species Chenistonia boranup is described from south-western Western 
Australia. This is the first record of the C. maculata species group from the western part of the 
continent. Chenistonia Hogg is rediagnosed and comments given on other species attributed here to 
the genus. 


KEYWORDS: taxonomy, morphology, karri forest, Gondwanan relics 


INTRODUCTION 

The nemesiid spider genus Chenistonia Hogg, 1901 
was synonymised with Aname Koch, 1873 by Raven 
(1981) but regarded as a valid genus by Main (1982a, 
1985a,b, 1986, 1994) and elsewhere in ecological papers 
(Curry et al., 1985; Main, 1982b, 1987a,b, 1991, 1993a,b, 
1996a,b, 1997; Main et al., 2000). Raven (1984, 1985) 
continued to consider Chenistonia as synonymous with 
Aname until acknowledging it later as a valid genus for 
which he gave a revised diagnosis (Raven, 2000). In 
the meantime, he recognised a group of species, some 
of which he newly described (Raven 1984), as having 
affinity with Aname maculata (Hogg, 1901) (the type 
species of Chenistonia ) as the maculata group within 
Aname. In reinstating Chenistonia, Raven (2000) 
included only those species formerly attributed to the 
maculata group (e.g., A. caeruleomontana Raven, 
1984, A. hickmani Raven, 1984, Chenistonia maculata, 
A. montana Raven, 1984 and Chenistonia trevallynia 
Hickman, 1926) in the genus, and retained other 
species previously attributed to Chenistonia in Aname. 
Raven (2000) retained A. tropica in Aname but made 
no mention of A. earthwatchorum although he had 
previously (Raven 1984) figured maxillae with a broad 
distribution of cuspules suggesting an affinity with 
Aname rather than Chenistonia. 

Chenistonia is herein rediagnosed and distinguished 
from Aname, some of those species formerly included in 
Aname by Raven (2000) but which fit the new definition 
of Chenistonia are formally transferred accordingly and 
a new species of the maculata group from south-western 


Australia is described and its biogeographic status 
indicated. For comparison, figures of the male of the 
type species are presented. The taxonomic position of 
Chenistonia trevallynia is also discussed. 

MATERIAL AND METHODS 

The material examined for this study is stored in 75% 
ethanol and lodged in the Museum of Natural History, 
London (BMNH) and the Western Australian Museum, 
Perth (WAM). A ZEISS citoval stereomicroscope 
was used during the study of the new species, and all 
measurements are in millimetres. The tibial index = 
100 x dorsal proximal width of patella/length of tibia + 
patella (Petrunkevitch 1942). 

The following abbreviations are used for the spination 
of the legs: v, ventral; d, dorsal; pv, prolatero-ventral; pd, 
prolatero-dorsal; rv, retrolatero-ventral; rd, retrolatero- 
dorsal. 

SYSTEMATICS 

Family Nemesiidae Simon, 1889 
Chenistonia Hogg, 1901 

Chenistonia Hogg, 1901: 261; Main, 1985a: 31; Raven, 
2000: 572 (other catalogue citations not listed here). 

Proshermacha Simon, 1908: 363; Main, 1982a: 84 
(first synonymised with Chenistonia ). 


urn:lsid:zoobank.org:pub:E6C5E3F4-8252-477B-A4EC-B9D950E18A4A 
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TYPE SPECIES 

Chenistonia : Chenistonia maculata Hogg, 1901, by 
original designation. 

Proshermacha : Proshermacha subarmata Simon 
1908, by subsequent designation (Rainbow 1912). 

DIAGNOSIS 

Chenistonia differs from Aname primarily in the 
distribution of the maxillary cuspules which are 
generally in a narrow band less than a third the length 
of the ventral surface of the maxilla; an exception may 
be Chenistonia earthwatchorum (see Raven 1984 figures 
23 and 26); and in the male by the elongate, ventrally 
depressed palpal tarsus (Figures 6, 10), the pear shaped 
bulb (Figures 6, 10) and usually the absence of a retro- 
ventral bare area on the palpal tibia (Figure 6, 10). 

DESCRIPTION 

Small to large, dark brown to black spiders, males 
sometimes with fuscous hairs on carapace. Carapace 
with low caput and not markedly rounded margins; 
fovea straight (Figure 1). Sternum cordate, posterior 
sigilla marginal, usually small and round or oval 
(Figures 3, 11). Cuspules on maxillae forming a narrow 
band (Figure 3), covering less than a third length of 
ventral surface of maxilla. Maxillary serrula present 
or absent. Leg tarsi without spines, palp tarsus of 
females and immature spiders usually with a basal 
pair of spines. Tarsus of male palp elongate, ventrally 
depressed and with bulb attached distally (Figures 5, 

6, 7 10); when at rest the bulb fits into this depression. 
Bulb elongate, usually pear shaped (attached by broad 
end) and with embolus arising terminally (Figures 5, 6, 

7, 9, 10). Embolus short or long (in which case aligned 
with axis of bulb and not reflexed). Palpal tibia of male 
without a bare or depressed retro-ventral area but in 
those species which have a long embolus there may be 
a narrow, longitudinal bare line dividing the hairs or 
bristles and which accommodates the embolus when not 
extended. Tibia I in male with a spur bearing a heavy 
spine, often with an additional spine at base of spur (as 
in Figure 12). 

REMARKS 

Raven (2000) recognised Chenistonia as distinct 
from Aname with which he had previously regarded 
it as synonymous (Raven, 1981, p. 328; Raven 1985, 
p.87), although Main (1964, 1985 and elsewhere) 
had considered it as a valid genus. Raven’s principal 
defining characters of Chenistonia were: in the male 
the elongate, ventrally excavate slender palpal tarsus; a 
distally attached pear shaped bulb with a short embolus 
(and thus not reflexed); and the first metatarsus with 
only a small (if present) basal process opposite the tibial 
spur. Further he noted in both sexes the small marginal 
sternal sigilla. 

The genus is here rediagnosed taking into account 
several characters not mentioned by Raven (2000) in 
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his diagnosis: most notably that it is into the ventral 
depression on the male palpal tarsus that the bulb fits 
when resting; the absence of a bare, often depressed, 
ventral patch on the male palp tibia (characteristic of 
most Aname species and into which the bulb fits when 
resting); and a narrow band of cuspules on the maxilla. 
I also recognise that many species of Chenistonia, albeit 
as yet undescribed, but which agree with the features 
noted above have a long embolus. Associated with this 
feature there is often an elongate, narrow bare strip on 
the retro/ventral aspect of the palpal tibia (where the 
embolus aligns when at rest). 

The genus shares with the Teylini sensu Main, (1985b, 
2004), the narrow band of maxillary cuspules but 
the Teylini genera have a relatively broader sternum 
and carapace, the latter with rounded sides, features 
not generally noted. The male of Chenistonia is 
distinguished by the pear shaped bulb with the embolus 
arising terminally (not equatorially as is usual in Teyl ) 
and further (except for Teyloides ) in the presence of a 
tibial spur on the first leg of the male. 

Additional taxonomic comments 

A maculata group of species is here recognised in 
which males have a short embolus as in the type species 
of the genus (see Figures 9, 10). This group thus includes 
those species included by Raven (2000) (according 
to his understanding of the genus) in Chenistonia 
except for C. trevallynia the generic position of which 
Raven questioned. The status of C. trevallynia will be 
discussed elsewhere (Main, unpublished data) along 
with that of certain other species transferred from 
Chenistonia to Aname by Raven (2000). Descriptions 
of several additional new species from south-western 
Western Australia will likewise be given elsewhere 
(Main, unpublished data). 

SPECIES HERE ATTRIBUTED TO CHENISTONIA 

Species with short embolus 

Chenistonia maculata Hogg, 1901, from Victoria 

Chenistonia caeruleomontana (Raven, 1984), from 
New South Wales 

Chenistonia hickmani (Raven, 1984), from New South 
Wales 

Chenistonia montana (Raven, 1984), from New South 
Wales 

?Chenistonia earthwatchorum (Raven, 1984), from 
Northern Queensland 

Chenistonia boranup sp. nov., from Western 
Australia. 

Chenistonia trevallynia was retained by Raven 
(2000) in Chenistonia, but Raven (2000) also noted 
the anomalous short male palpal tarsus. The species 
is probably misplaced here. An undescribed ‘sister’ 
species occurs in south-western Western Australia, 
based upon a specimen in WAM (Main, unpublished 
data). 
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FIGURES 1-12 1-8, Chenistonia boranup sp. nov., holotype male (WAM 92/97): 1, carapace and abdomen, dorsal; 

2, eyes; 3, labium, sternum, maxillae and enlarged coxal area; 4, abdomen, ventral; 5, 6, 7 right 
pedipalp, 5, prolateral view, tarsus and bulb and tibia; 6, retrolateral view tarsus and bulb and tibia; 7, 
prolateral view tarsus tip and bulb; 8, right leg 1, retrolateral view. 9-12, Chenistonia maculata Hogg, 
syntype male (BMNH): 9, bulb of right pedipalp, prolateral; 10, right pedipalp, retrolateral; 11, sternum 
and labium; 12, right leg 1, retrolateral view of tibia and metatarsus. Scale for Figures 1-8 = 1.0 mm 
(approximate), and Figures 9-12 not to scale. 
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Species with long embolus 

Chenistonia cuspidata Main, 1954, from the 
Recherche Archipelago, Western Australia. Males of 
this species are known from south coastal mainland 
east of Esperance, but have not yet been formally 
described. There are also several other undescribed 
species in south-west Western Australia (Main, 
unpublished data). Although many males with a long 
embolus have been attributed to C. tepperi Hogg, 1902, 
by Main (1964 and elsewhere), this is possibly an error 
and the status of C. tepperi is currently under review 
(Main, unpublished data). 

Chenistonia boranup sp. nov. 

urn:lsid:zoobank.org:act:6432F0B9-9C58-49AD-9C35- 

18D3683006F9 

Figures 1-8, 13-19 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Boranup National 
Park, in karri {Eucalyptus diversicolor F. Mueller) 
forest, 21 August 1990, P.R. Davis and M. Widmar 
(WAM 92/97). 

DIAGNOSIS 

The male differs from those of other species of 
the Chenistonia maculata group as follows: from 
C. hickmani by the absence of tarsal spines; from 
C. caeruleomontana by the needle-pointed embolus 
(flattened in caeruleomontana ) (see Raven 1984, key and 
figure 37); and from all other species named by Raven 
(1984) by the absence of spines on tibia I of males apart 
from the median spur (Figure 8); from C. maculata by 
the slightly elongate, straight and needlelike embolus 
whereas in C. maculata the embolus tip is slightly 
curved, and tibia I in C. maculata has a group of very 
short fine bristles retrolaterally between the spur and 
the distal end [see Figure 12 and faintly indicated in 
Raven (1981, Figure 11)], and the sternal posterior sigilla 
are more pronouncedly ovoid in C. maculata ; also C. 
maculata is larger, with a carapace length of 5.5 mm 
(male syntype). 

DESCRIPTION 

Colour: generally dark brown, abdomen dorsally 
with pale mottled pattern on dark brown background, 
ventrally pale with few dark brown blotches. 

Carapace: length/width 3.6 /2.9 mm, caput width 1.5. 
Fovea short, straight. Eye group length/width 0.4/0.8. 
Carapace lateral margins with few long, posterior 
bristles and lateral group of bristles in mid-region, 
sparse hairs on posterior region. Maxillary cuspules in 
a narrow band. 

Sternum: length/width 1.8/1.7, sigilla spherical, labium 
0.3 long. 

Chelicerae : without rastellum; ventral groove (right 
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side) promargin with 7 retrolateral teeth, at least 10 
small granules between proximal second and third teeth; 
left side with 8 retrolateral teeth and 15 small granules. 

Abdomen : dorsally with sparse fine bristles. 
Spinnerets: posterior median pair 0.5 mm long; posterior 
lateral pair with basal segment 0.8 long, median 0.5, 
terminal segment 0.8 mm. 

Legs: moderately hirsute. Spination: all tarsi without 
spines. Leg I (Figure 8), femur pd 1 apical, d 4 in median 
line. Leg II, metatarsus v 2-2-2, pd 1 median, tibia v 

1- 1-2, pv 1 apical, pd 2, patella pd 1 apical, femur pd 1 
apical, d median line 2 + 2 bristles. Leg III, metatarsus 
v 2-2-2, rv 1 apical, d 2-2-2, tibia v 2-2-2, pv 1 
apical, rv 1 apical, d 1-1, pd 2, rd 2, patella pd 2, rd 2, 
femur d 3 (median), pd 3, rd 2. Leg IV, metatarsus v 

2- 1-2-2, d 2-1-2, pd 3, rv 1 apical, rd 2, tibia v 2-2-2, 
d l-l(median), pd 3, rd 2, p 3, pv 1 (apical), rv 1 apical, 
patella rd 1 (+ 2 rd bristles). Scopula complete on tarsi 
I and II (but divided by line of bristles), sparse and 
only prolateroventral on III and IV; on metatarsi, only 
on distal half of I and II. Tarsal claws: uniform double 
combs of about 10 teeth on paired claws; median claw 
of legs III and IV long, without teeth. Trichobothria: not 
abundant on tarsi. Sensory ventral hairs with right angled 
alignment on metatarsi II, III and IV and tibiae I-IV. 

Tibia I with large spur in mid-ventral region; upper 
angle of spur 0.9 mm from distal end of tibia, 1.2 mm 
from proximal end of tibia to base of spine, spine 0.8 mm 
long, upper base of spine 0.1 mm from upper junction 
of spur (Figure 8) Metatarsus I ventrally incrassate 
opposite tibial spur (Figure 8). 

Palp : tarsus (Figures 5, 6, 7) with deep ventral 
excavation which accommodates the bulb when not 
extended; tarsus without spines. Bulb pear shaped (0.75 
mm long) with small, pointed process (embolus) 0.15 mm 
in same axis as the elongate bulb; basal segment 0.1 mm. 
Tibia spination (see Figures 5, 6) v 1-2-2, pd 1-1, rv 1 
apical. 

Measurements : palp: femur 2.0, patella 1.2, tibia 1.4, 
tarsus 1.0, total 5.6. Leg I, femur 2.7, patellal.3, tibia 2.1, 
metatarsus 2.0, tarsus 1.3, total 9.4. Leg II, femur 2.4, 
patella 1.5, tibia 1.6, metatarsus 1.7, tarsus 1.2, total 8.4. 
Leg III, femur 2.2, patella 1.4, tibia 1.3, metatarsus 1.6, 
tarsus 1.2, total 7.7. Leg IV, femur 2.8, patella 1.6, tibia 
2.2, metatarsus 3.0, tarsus 1.4, total 11.0. Width patella 
IV at knee, 0.5, tibial index =13.1. 

NATURAL HISTORY 

Collectors of the type specimen of C. boranup noted 
that it was collected in karri {Eucalyptus diversicolor 
F. Mueller) forest. While I acknowledge here that many 
of the small female and immature specimens collected 
in the karri forest, particularly specimens from silk tubes 
in logs and litter are possibly of this new species, until 
similar specimens are collected contiguously or at least 
in propinquity with males it is currently expedient not 
to attribute such specimens to the new species. Raven 
(1984) noted that the maculata group of species have 
been found only ‘in perennially cool buffered forests’. 
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FIGURES 13-18 Chenistonia boranup sp. nov., holotype male (WAM 92/97): 13, dorsal view; 14, ventral view; 15, dorsal 
view of carapace; 16, ventral view of sternal area, note maxillae and cuspules; 17, left palp prolateral; 18, 
left palp retrolateral; 19, left leg I retrolateral tibia, metatarsus and tarsus. 


Distribution 

All previously named species have come from 
Victoria (C. maculata ), and New South Wales and 
Queensland. The new species C. boranup is here 
regarded as relictual from a former southern Gondwanan 
distribution presumably fragmented due to periods of 
dryer climate and reduced forest habitat. 
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